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HOW TO USE THIS BOOK

How TO USE THIS BOOK

THE ENCYCLOPEDIA OF DINOSAURS and other prehistoric
life begins with an introductory section that provides
an overview to understanding fossils, evolution, and
prehistoric life. This is followed by the four main
sections of the book, which cover the major groups
of prehistoric animals — Fish and Invertebrates,
Amphibians and Reptiles, Dinosaurs and Birds, and
Mammals and their Ancestors. Each entry in these
four sections covers a particular prehistoric animal
or a group of such animals. An extensive reference
section at the back of the book contains a fossil
timeline, details of how paleontologists find and
study fossils, and biographies of noted researchers.

FEATURE PAGES

Realistic restorations of a prehistoric animal
set in its natural habitat are found in feature
pages throughout the four main sections.
Detailed text describes the main animal and
other related creatures. These pages (above)
describe sea scorpions, and feature the

sea scorpion Pterygotus.

Abbreviations used in this book

Photographs
and colorful
artworks
accompany text.

A specially
commissioned
model provides a
lifelike restoration
of a prehistoric
animal.

CLADOGRAM PAGES
The book contains nine
cladogram diagrams within
the main sections. Each
cladogram shows the chain
of evolution for a particular

group of animals. Color-

MYA millions of years ago
c. about

Imperial

ft feet

in inches

°F degrees Fahrenheit
oz ounces

1b pounds

cu in cubic inches
Metric

m meters

cm centimeters

°C degrees Celsius

g grams

kg kilograms

km kilometers

cc cubic centimeters

coded branches make each
cladogram easy to follow.
Significant features are
described in the text. These
pages (right) represent

the cladogram for

ornithischian dinosaurs.

MAMMALS AND THEIR ANCESTORS

EARLY SYNAPSIDS

Svnapsips (“wITH ARCH") INCLUDE the mammal-like “reptiles” and their
descendants, the mammals. They are named for the large hole low

in the skull behind each eye. Muscles that worked the jaws passed
through this hole, and gave synapsids a wide gape and powerful bite.
Synapsids formed a separate group from true reptiles, who gave rise
to lizards, dinosaurs, and their relatives. Like living reptiles, however,
early kinds were scaly and cold-blooded. Synapsids appeared during
the Carboniferous period. Early synapsids are known as pelycosaurs,
and were quadrupeds with sprawling limbs. Most pelycosaurs lived

in what is now North America and Europe. By early Permian times,

ody by the
blood that flowed

through its sail.

pelycosaurs counted for seven out of ten backboned land animals.
The early synapsids died out towards the end of the Permian period.

SAIL-BACKED KILLER
Dimetrodon was one of the first big land animals to be
capable of attacking and killing creatures its own size.
This pelycosaur had a large, long, narrow head, with
powerful jaws and dagger-like teeth. Dimetrodon could
grow up to 3.5 m (11 ft 6 in) in length.
It survived by attacking large, plant-
eating pelycosaurs. Dimetrodon
lived during the Early Permian
in what is now North America
and Europe. Its remains

have been found in Texas

and Oklahoma, in the USA,
and in Europe.

Dimetrodon skull

TYPES OF TEETH
Most reptiles have teeth
of similar shapes. Dimetrodon’s teeth
had different shapes, like a mammal's.
The name Dimetrodon means “two types
Canine teeth with| of teeth”. The differently shaped teeth
serrated blades had various functions. The pointed
upper canine teeth were designed for
piercing flesh. The sharp front teeth
served for biting and gripping. The
small back teeth aided in chewing
up chunks of flesh.

Dimetrodon

PALAEOZOIC 542-251 mva

196

ANIMAL PAGES

The main sections consist mostly of animal
pages, which focus on groups of prehistoric
animals. The pages shown above describe
early synapsids. A typical animal — here
Dimetrodon — is displayed prominently.

The entry begins with an introduction

that describes features of the animal group.
It then gives details of the main animal’s
anatomy and lifestyle, as well as facts

on other animals in the group.

Colored section borders
help the reader locate
sections easily.

Specially commissioned
artworks illustrate key
features and sample species.




HOW TO USE THIS BOOK

Annotation text in italics
explains interesting details

in photographs and artworks.

EARLY SYNAPSIDS

-shaped bones
rt crosspieces

held up Edaphosaurus’s
skin fin, or sail.

Scientific name: Dimetrodon

SKIN SAIL Spines from fin
The skin sail rising from Dimetrodon’s back was
a special feature whose likely purpose was to
help control body temperature. Edaphosaurus
also had a tall skin sail on its back. Skin sails
may have helped pelycosaurs keep cool in
hot weather or be active in the morning
while their prey was still cold and sluggish.

Size: Up 035 m (11 ft 6 in) long

Diet: Meat

Habitat: Semi-desert

Where found: North America and Europe
Time: Early Permian

Related genera: Haptodus, Sphenacodon

‘The sail may also have aided recognition
among members of a species.

299-251

EARTH LIZARD

Edaphosaurus (“earth lizard”) was a large, early plant-

eating pelycosaur. Its broad, short head was small for

its hefty, 3-m (10-ft) long body. Its barrel-shaped body
had room for the large gut needed for

digesting bulky plant food, although
some scientists believe its peg-shaped
teeth were best suited for crushing
shellfish. Edaphosaurus lived in
North America and Europe
from the Late Carboniferous
to the Early Permian. Its worst
enemy was another pelycosaur —
the meat-eating Dimetrodon.

Edaphosaurus’s skeleton shows
it had a relatively deeper tail and
shorter limbs than Dimetrodon.

TWO TYPES OF TEETH

o > ‘ =
/ ——

Scientific name: Dimetrodon

FACT BOX

The fact box provides

a profile of the main
creature featured in an
animal entry. A graphic
scale compares the size of
the animal with a 5-ft 8-in
(1.7-m) tall man. Quick-
reference facts provide
specific information,
including the creature’s
scientific name, size, diet,
and habitat. The place

Size: Upto 3.5 m (11 ft 6 in) long

or places in which fossils

Diet: Meat

of the creature were

Habitat: Semi-desert

discovered is also given.

Where found: North America and Europe

The period in which

Time: Early Permian

it lived and its related

Related genera: Haptodus, Sphenacodon

genera are the final
two entries. The box

header often contains

Reference
pages explain
paleontological
concepts and
make them easy
to understand.

\ This bar highlights
the era in which
Dimetrodon lived.

TIMELINE BAR
At the foot of the animal and

a translation of the
animal’s scientific name.

COMPARATIVE DATING
T

STRATIGRAPHY

FOSSIL TIMELINE
A fossil timeline feature

feature pages is a timeline bar that
shows the geological time periods
and eras covered throughout the
book. The colored parts of the bar
highlight the period and era in
which the main animal featured in
the entry lived.

Each timeline page

contains sample
images of the plant
and animal life present

runs for 34 pages in the
reference section, and
provides a period-by-period
look at prehistoric life.

—— A geography box
with a global map
describes what the
Earth was like during

during a certain period.

a particular period.

MARY AND LOUIS
LEAKEY.

CAROLUS LINNAEUS
1707-78

STANLEY MILLER
18302007

Biography

entries give
details about
influential
scientists and
palaeontologists.

REFERENCE PAGES

The large reference section provides
information on how scientists use fossils to
understand the past. It begins with a fossil
timeline, and then describes various
paleontological processes, such as the dating
and reconstruction of fossil animals. This
section includes tips for the amateur fossil
hunter and biographies of leading scientists.
A glossary with a pronunciation guide
explains terms used throughout the book.

Im.ebookfsooo.cor_rl
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FINDING OUT ABOUT THE PAST

FINDING OUT ABOUT THE PAST

Lire oN pARTH is almost
infinite in its variety — plants,
animals, and other forms of
life surround us in a multitude
of forms. Ever since people
first realized that fossils are
the remains of once-living
things, they have strived to
interpret them. Paleontology,
the study of ancient life,
involves reconstructing the
former appearance, lifestyle,
behavior, evolution, and
relationships of once-living
organisms. Paleontological
work includes the collection of specimens in
the field as well as investigation in the
laboratory. Here the structure of the fossil,
the way it is fossilized, and how it compares
with other forms are studied. Paleontology
provides us with a broad view of life on Earth.
It shows how modern organisms arose, and
how they relate to one another.

Paleontologists at
work in Mongolia

DIGGING UP FOSSILS

To discover fossils, paleontologists do not generally go out

and dig holes. Most fossils are found when they erode onto the
surface, so places where there is continual erosion of rock by
the wind and water are frequently good sites. Expeditions to
suitable locations may involve expensive journeys to regions
where travel is difficult. Excavators once dug out fossils with
little regard for the context in which they were found. Today
we realize that such information is important. The sedimentary
layer in which a fossil is found, and its relationship with other
fossils, can reveal much about its history prior to preservation.

Discovery of Mosasaurus
EARLY FINDS AND THEORIES

People have always collected fossils. In some cultures,
elaborate myths were invented to explain these objects.
For example, ammonites, extinct relatives of squids,
were thought to be coiled snakes turned to stone.
Paleontology as we recognize it today arose in the

late 18th century. The discovery of fossil mastodons
(American relatives of elephants) and of Mosasaurus,

a huge Cretaceous marine reptile, led to the acceptance
of extinction, an idea previously rejected as contrary to
the Bible. With the concept of extinction and life before
man established, scientists began to describe remarkable
forms of life known only from their fossilized remains.

THE STUDY OF DEATH

Taphonomy is the branch of paleontology concerned with
the study of how organisms died and what happened to their
bodies between death and discovery. It reveals much about
ancient environments and the processes that contribute to
fossilization. A fossil’s surface can show how much time went
by before the dead animal was buried. This may explain its
state of preservation and why parts of it are missing. Fossils
also preserve evidence of their movements after death — they
may be transported by water or moved around by animals.

10



FINDING OUT ABOUT THE PAST

RECONSTRUCTING THE PAST Preserved Lepidodendron trunks
. . . . reveal that this giant clubmoss
How do paleon?ologlsts produ(;e reconstructions of prehistoric grew up to 160 ft (50 m) tall,
environments, like the Carboniferous swamp forest shown here? dominating the vegetation in
Studies on modern environments show that distinct kinds of sediment a”dhar OUIC'd {zrgs S‘gampfs- Tr ecejs
. . . . .. . . . Such as Lepiaoaendron rorme
are lgld dovyn in different environments. Many llwpg things inhabit the huge coal deposits that give
certain habitats, and the physical features of a fossil may also show the Carboniferous its name.

what environment it favored when alive. Using these clues,
paleontologists can work out what kind of environment a fossil
deposit represents. Fossils themselves may reveal features that
show how they lived. Interactions between fossils, such
as preserved stomach contents and bite marks, are
sometimes preserved. Using all of these pieces of
evidence, paleontologists

can piece together &
environments and 1

f
3 +
ecosystems that | : l.;T!
existed in 4'! -
L)

Lepidodendron

. k Trunk of
* TN

the past.

Fossil
Meganeura

Weak limbs, sensory skull
grooves, and the position of its
eyes and nostrils suggest that
the temnospondyl Eryops and

its relatives were water-
% . dwelling predators.

Meganeura’s wings recall
those of dragonflies, suggesting
that it was a fast-flying predator.
It probably hunted other insects
over the Carboniferous pools and
lakes. Fossils of Meganeura and
relatives of Eryops are all found
fossilized within Carboniferous
coal deposits.

Skeleton of Eryops %'

11
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FOSSILS

FFOSSILS N

NATURALLY PRESERVED REMAINS of once-living organisms, or decomposes in
the traces they made, are called fossils. These objects usually a riverbed.
become fossils when they are entombed in sediment
and later mineralized. Fossils are abundant
throughout the Phanerozoic Eon — the age
of “obvious life” from 542 million years
ago to the present, so called because of

its plentiful fossil remains. Thousands of
fossil species, from microscopic organisms
to plants, invertebrates, and vertebrate
animals, are known from this time. Earlier
fossils are revealed by distinctive chemical
traces left in rocks as well as fossilized
organisms themselves. These extend back
in time some 3.8 billion years, to when our
planet was young. Because most dead
organisms or their remains are usually
broken down by bacteria and other
organisms, fossilization is relatively rare.
Even so, billions of fossils exist.

Riverbed A skeleton
deposits buried by
sediment sediment is

on skeleton, protected from
scavengers on
the surface.

Rocks are condensed
layers of sediments
such as sand or mud.

This armor plate
comes from a
sauropod dinosaur.

Fossilized Saltasaurus Plates may have When these tracks

osteoderm (skin) helped protect the were formed, this
dinosaur from rock surface was
predators. soft mud.

TYPES OF FOSSIL

The remains of plants and animals (such as shells,
teeth, bones, or leaves) are the best known fossils.
These are called body fossils. Traces left behind by
organisms — such as footprints, nests, droppings, or
feeding marks — may also be preserved as fossils,
and are called trace fossils. These are often the most
abundant kinds of fossil but, unless they are
preserved alongside the organism that made them,
they are often hard to identify precisely.

These three-toed
tracks were probably
made by predatory
dinosaurs.

Theropod trackway

12



FOSSILS

How FOSSILS FORM
The most common form of fossilization involves the
burial of an organism, or an object produced by an
organism, in sediment. The original material from
which the organism or object is made is then gradually
replaced by minerals. Some fossils have not formed in
this way. Instead, the original object has been destroyed
by acidic groundwater, and minerals have later formed
a natural replica of the object. Both processes take a
long time, but experiments have shown that fossils can
be formed much more quickly. In these cases, mineral
crystals form in the tissues shortly after
death, meaning that they start to fossilize
within a few weeks — before decomposition
has set in. This type of fossil can preserve
blood vessels, muscle fibers, and even
feathers in exceptional
conditions.

Bacteria and other
scavengers under
ground may still
destroy the skeleton.

Minerals in the
groundwater may
change the fossil’s
composition.

Moving continental
plates may carry

sediments far from
their original location.

Many exposed
fossils are destroyed
by the action of
wind and water.

people.

Once exposed, a fossil
may be discovered by

Fossilized hedgehog Pholidocercus

EXCEPTIONAL FOSSILS

The soft parts of organisms are usually lost before
fossilization begins, as they are broken down quickly by
bacteria and other scavengers. For this reason soft-
bodied animals (such as jellyfish or molluscs) are poorly
represented in the fossil record. However, rapid burial
in soft sediment, combined with the presense of certain
special bacteria, can mean that soft parts are retained
and fossilized. The complete remains of soft-bodied
organisms can be preserved under such conditions, as
can skin and internal organs.

More sediments deposited above
the fossil bury it deeper in the rock,
and may compress or distort it.

Erosion at the surface of the
Earth means that new fossils
are constantly being revealed.

RESULTS OF FOSSILIZATION
Fossils that are composed of new,
replacement minerals are harder,

heavier versions of the original. They
also usually differ in color from the
object that formed them. This
ammonite fossil is gold because it is
composed of iron pyrite, the mineral
often called “fool’s gold.” Due to
pressure inside the rock, fossils may
also be altered in shape. Some fossils
can be so distorted that experts have
difficulty imagining their

original shapes.

lvww.ebook3000.con}
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EVOLVING LIFE

EVOLVING LIFE

THE FOSSIL RECORD PRESERVES the history of
life from the earliest single-celled organisms
to the complex multicellular creatures —
including plants, fungi, and animals — of
more recent times. It shows that simple
single-celled forms of life called prokaryotes
appeared very early on in the history of our
planet — traces of microscopic life have been
dated to around 3,800 million years ago.
More complex, though still single-celled,
organisms appear in the fossil record about
2,000 million years ago. In these cells, called
eukaryotes, genetic information is stored in
a structure called the nucleus. Eukaryotic
organisms include algae, plants, fungi, and
many other groups. In the Late Precambrian
(around 600 million years ago), the first
multicellular eukaryotes, or metazoans,
arose. By the Cambrian (542-488.3 million
years ago), these metazoans had diversified
into a multitude of animals.

Flagellum (tail)
for propulsion Fossil stromatolite
Ribosomes

produce proteins
that form the cell.

FIRST LIFE
The earliest forms of life were prokaryotes.
/  These small, single-celled lifeforms carried
& DNA, a chemical that codes genetic
\ information, loosely within their cell
walls. Prokaryotes developed a wide
range of different metabolisms
(chemical reactions to generate energy)
# that may well have helped to produce
/ a planet more suited to advanced
_,/ lifeforms. Prokaryotes form two groups —
7 bacteria and archaea. Many thrive in
environments that more advanced life forms
would find inhospitable or poisonous, such as
hot springs and muds devoid of oxygen. Huge
fossilized mats of prokaryotic cells are called
stromatolites — they show how widespread and
dominant these organisms were early on
in Earth’s history.

Ribosomes Undulipodium
Nucleus contains produce (tail) for
many strands of DNA  proteins that propulsion
and huge amounts of ~ form the cell.
genetic information.

Structure of a
eukaryotic cell

Mitochondrion —
organelle that
makes energy
by respiration

Plastid -
organelle that
makes energy by
photosynthesis

ORIGIN OF EUKARYOTES

Complex eukaryote cells seem to have developed from different
kinds of more simple organisms that took to living together and
then functioning cooperatively. This cooperation is called
symbiosis. Eukaryotes have a central nucleus containing their
nucleic acids, such as DNA, and many structures called organelles
scattered throughout their fluids. Different organelles have
different functions — most are involved in creating energy to fuel
the organism itself. Multicellular organisms, probably evolving
from single-celled eukaryotes, arose in the Late Precambrian.

A great growth of complex lifeforms then took place.

Fossil Mawsonites

Jellyfishlike
Mawsonites

Charniodiscus

VENDIAN LIFE
The fossilized
remains of Vendian
fauna (Precambrian
organisms) were first
found at Ediacara Hill in
South Australia. This formation, composed of unusual disk- and
leaf-shaped fossils such as the Mawsonites pictured, provided the
first glimpse of the earliest multi-cellular life forms. Vendian
fauna vaguely resembled later creatures, for example Spriggina
looks like a worm while Charniodiscus resembles a sea pen. Some
paleontologists believe that the Vendian fauna includes the
earliest members of several animal groups, but the fossils are
generally too incomplete to prove this beyond doubt. Another
theory is that Vendian organisms were an independent
development in eukaryotic life, unrelated to later organisms.

Artist’s restoration of Vendian life

14



EVOLVING LIFE

THE BURGESS SHALE

The Burgess Shale of British Columbia, Canada, is a famous rock unit Sponges grew on Marrella was a tiny
composed of layers of fine-grained siltstone deposited on the floor of a the floor of the swimming arthropod.
hallow Cambrian sea. Discovered in 1909 by American paleontologist ~ SU/9ess Shalesea, It was probably
shallow La an sea. Discovere y erican paleontologis but the reefs of the preyed on by many
Charles Walcott, it contains thousands of well-preserved animal fossils, time were mostly of the Burgess
including early members of most modern metazoan groups, as well as formed by algae. Shale predators.

other animals that became extinct shortly afterward. The Burgess

Shale gives a unique insight into the “Cambrian Explosion” of life.
Arthropods, worms, early chordates (relatives of vertebrates), and

members of several
other groups, many
preserved with soft

parts intact, are all

found here.

Pikaia was an early.
chordate. It was a
wormlike swimmer
with tail fins.

Anomalocaris was a large
predatory arthropod with
a circular mouth,
grasping appendages,
and swimming fins

along its sides.

Anomalocaris was a
giant among Burgess
Shale animals, growing
to 24 in (60 cm) long.

Hallucigenia was originally
reconstructed upside-
down - the defensive
spikes were thought to be
legs. The fleshy legs were
thought to be feeding
tentacles.

Spiky lobopods like
Hallucigenia were distant
relatives of arthropods.

METAZOAN DIVERSITY Hallucigenia was probably Priapulids are burrow-
The Burgess Shale shows how well metazoans diversified a bottom-dweller that fed dwelling worms. Today they
on organic particles. are rare, but in Burgess Shale

to fill the available ecological niches.
The rest of the Phanerozoic Eon (the
age of “obvious life”) saw increasing
diversification of these groups, the
invasion of the land, and a boom in the
numbers and variety of arthropods and
vertebrates. Animals invaded the air, spread
though freshwater environments, and
colonized all environments on land. 1-:‘I‘;,__..-'II"
Mollusks and vertebrates have grown to be
thousands of times larger than the earliest
metazoans. Single-celled organisms, however, have
not waned in importance or diversity. Bacteria are
present worldwide in all environments, and far
outnumber metazoans, so today could still be regarded

as part of “the age of bacteria.” Dinosaur Bird Mammal

times they were abundant.

Arthropod

lvww.ebook3000.con}
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HOW EVOLUTION HAPPENS

How EVOLUTION HAPPENS

ALL LIVING THINGS CHANGE, OR EVOLVE, over generatlons
This fact can be seen in living populations of animals,
plants, and other living things, as well as in fossils.

As organisms change over time to adapt to new
environments or ways of life, they give rise to new species.
The inheritance of features by a creature’s descendants is
the main component of evolutionary change. An
understanding of how evolution happens proved to be
one of the key scientific revelations in our understanding
of life, and understanding evolution is the key to
interpreting the fossil record. By studying evolutionary
changes, biologists and paleontologists reveal patterns
that have occurred during the history of life.

THE THEORY OF EVOLUTION

The theory that living things change to better suit their
environments was first presented by British naturalist Charles
Darwin (1809-1882). Darwin argued for the idea of slow changes
to species over time, brought about by selection acting on natural
variation. Natural variation is present in all living things - all
individuals differ from one another in genetic makeup, and
therefore in their anatomy and behavior. Natural selection is the
mechanism that chooses one variation over another. All
individuals compete among themselves and with other organisms
for food and territory, and struggle to avoid predators and survive
extremes of climate. Those best at passing on their genes — in
other words surviving, finding a mate, and raising offspring — will VOYAGE OF THE BEAGLE

have their features inherited by future generations. Charles Darwin developed his theory of
evolution by natural selection following his
travels as ship’s naturalist on HMS Beagle during
the 1830s. Darwin studied fossil South American
animals as well as living animals on the
Galdpagos Islands. The similarities and
differences that Darwin saw made him realize
that species must have changed over time.
Darwin was not the only person to propose the
idea of evolution, but his ideas were the most
influential. His 1859 book, On the Origin of Species
by Means of Natural Selection, is one of the most
famous scientific books ever written.

Fishing aboard the Beagle

Tortoises on wet
islands only need to
reach down to the
ground to find food.

Low front of shell
originally shared by all
Galdpagos tortoises

EVOLUTION IN ACTION
Some living animals provide
particularly clear examples
of evolution in action. On
the Galapagos Islands,
different kinds of giant

tortoises have become suited for different conditions. Tortoises on dry islands
Tortoises on wet islands where plant growth is thick have to reach up to
on the ground have shells with a low front opening. find food.

For tortoises on dry islands there is no vegetation on
the ground - instead they have to reach up to chew
on branches that grow well above ground level. Over
time, those tortoises with slightly taller front openings
in their shells were better able to reach the higher
vegetation. This allowed them to better survive and
pass on their genes, so now all the tortoises on dry
islands have a tall front opening to their shells.

Higher front of shell
selected in dry
island tortoises.
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HOW EVOLUTION HAPPENS

DEVELOPING THE THEORY

When Darwin put forward his theory, he was unable

to propose an actual mechanism by which characteristics
could pass from one generation to the next. It was several
decades before the new science of genetics — the study of
inheritance — provided the missing piece of the puzzle and
confirmed Darwin’s ideas. More recent advances in genetics
and paleontology have shown just how complex the
relationships between living and fossil species are. Evolution
is not as simple as was once thought — for example, organisms
do not generally evolve in simple ladder- or chainlike
progressions (once a popular image in books). Instead, as
new species evolve from old ones, they tend to branch out
and diversify, forming complex bush-like patterns. In fact,

the main theme of evolution seems to be diversification.
Evolution was also traditionally regarded as the development
of increasing complexity, but this is not always true. Some
living things have become less complex over time, or

have lost complicated structures present in

their ancestors. N‘
AR

Fossil humans appear in
the Pliocene. Chimpanzees
must also have evolved at

this time. Chimpanzees and

humans share an
enlarged canal in the
palate not seen in
orangutans.

All great apes
(hominids) have an
enlarged thumb and
other derived

characters.

HumaN
CHIMPANZEE
ORANGUTAN
N\ Enlarged palate
—— C::, canal
Large
opposable
thumb
Canal passing Lon
g opposable thumb
fgrggggr’;:xte gives apes and humans

an evolutionary
advantage.

Horned dinosaurs like Triceratops demonstrate
gradual evolution. They were constantly evolving
— a genus typically lasted 4-6 million years.

EVOLUTION BY JUMPS

The old view that evolution is a slow and continuous
process has been challenged by evidence from the
fossil record. Many species seem to stay the same
for long periods of time, and then are suddenly
replaced by their apparent descendants. This type
of evolution is called quantum evolution. The
opposite idea, that evolution occurs as slow and
gradual change, is the traditional view. It now seems
that both kinds of evolution occur, depending on
the circumstances. When conditions stay the
same, species may not need to change but,
if conditions change rapidly, species
may need to change rapidly as well.

Gar fish demonstrate quantum
evolution — the last time they
changed was more than 60
million years ago.

DERIVED CHARACTERS
Scientists reveal evolutionary relationships by looking

for shared features, called “derived characters.” The

presence of unique derived characters seen in one
group of species but not in others shows that all the
species within that group share a common ancestor.
Such groups are called clades. In the cladogram
shown here, humans and chimpanzees share derived
characters not seen in orangutans. Humans and
chimpanzees therefore share a common ancestor that
evolved after the common ancestor of orangutans,
chimpanzees and humans. Orangutans, chimpanzees,
and humans all share derived characters not seen in
other primates and also form a clade. The field of
molecular biology has shown that closely related
species have similar protein and DNA sequences. Such
similarities can also be used as derived characters.

17
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CLASSIFYING LIFE

CLASSIFYING LIFE

ProPLE HAVE ALWAYS CLASSIFIED LIVING THINGS as a way of
understanding the world. Organisms could be grouped
together based on how they looked, how they moved, or
what they tasted like. With the advent of science after the
Middle Ages, biologists realized that living things should be
grouped together according to common features of their
anatomy or habits. However, the concept of evolution was
missing from these systems of classification — groups were
thought to correspond to strict plans created by God. In the
1960s, biologist Willi Hennig argued that species should only
be grouped together when they shared newly evolved
features called derived characters. Groups of species united
by derived characters, and therefore sharing the same single
ancestor, are called clades. This new classification method,
called cladistics, has revolutionized biology and palaeontology.

Jaguar

Leopard

WHAT IS A SPECIES?

The species is the fundamental
biological unit — a population
of living things that all look
alike, can all interbreed with
each other, and cannot
interbreed with other species.
There are many exceptions to
this definition — some species
contain individuals that differ
radically in appearance, and
some can successfully
interbreed with others.
However, the definition holds
true for the majority. Closely
related species are grouped
into genera (singular: genus).
Leopards and jaguars, shown
here, are closely related species
that both belong within the
same genus.

LLINNAEAN CLASSIFICATION
& | The Swedish botanist Carl von Linné (better known by the
, W latinised version of his name, Carolus Linnaeus) was the most
: % influential person to classify organisms in the traditional way.
In 1758, he organised all living things into a grand scheme of
classification called the Systema Naturae. Linnaeus recognized that

oo

THE TREE OF LIFE
Nineteenth-century scientists thought all living

things were part of a ladder-like scheme with the basic unit in biology was the species, and he developed an
humans as the most “advanced” creatures at the intricate system for grouping species together in increasingly
top. They classified organisms in a way that broader groups. Related species were grouped into genera,

reflected this, but this inaccurate view does not
reflect the real branching of evolution. Also,
evolution does not necessarily result in overall
“improvement” but, instead, enables organisms
to better cope with their immediate conditions.

genera were collected in families, families within orders, orders
in classes, classes in phyla, and phyla within kingdoms.

18



CLASSIFYING LIFE

Primitive tetrapods do not share Reptiles all share a
THE CLADISTIC REVOLUTION derived characters with modern derived character, so are
lissamphibians, so the Linnaean a true clade.

By determining the sequence in which their derived
characters arose, scientists can arrange species in the
order that they probably evolved. However this does

not allow them to recognize direct links between No advanced REPTILES
feature links all fish,

“amphibian” group is not a clade.

ancestors and descendants. thn scientists group but they can form
species into clades, they have to identify and describe smaller clades, BASAL
the derived features shared by the group. This allows
L. . . TETRAPODS
other scientists to examine and test theories about Derived
the evolution of a clade — before the introduction character
of cladistics, this was often not the case. In collecting
information on characters, and determining whether
they are derived or primitive, scientists amass vast RAY-FINNED ———
quantities of Qata that are analysed with computers. FISH E———
Cladistic studies have shown that some traditionally "~ Clades diverge
recognised groups really are clades, while others are not. when new derived
characters appeatr.
Amphibians are an Derived
artificial Linnaean character Cladistic classification
group Alligator
Acanthostega 8
e v NATURAL AND UNNATURAL GROUPS
ﬂ_!?:i_?._"_'__,-‘-‘.:,-:"t : During the twentieth century, it became clear that many of the groups
! REPTILES used in the Linnaean system did not correspond to true evolutionary
AMPHIBIANS roups because they sometimes excluded many of their own descendants.
group y y

The Linnaean group Reptilia, for example, was supposed to include the
ancestors of birds, but not the birds themselves. So Linnaean groups
were not true natural groups, but artificial groupings created by people.
Intermediate forms were also a problem for the Linnaean system —
should a bird-like reptile be included in the reptile class or the bird class?
Cladistics gets round these problems by only recognising natural groups
whose members all share the same ancestor. Such groups are called

More advanced FisH clades. In the cladistic system, birds are a clade, but
groups diverge from are themselves part of the reptile clade.
the tree at later times.
Reptiles, for example, . "
diverged later than Ichthyornis from &
amphibians. Linnaean tree the Cretaceous -\
e AT S
Hesperornis from -“'T-'-"'-'_'.E'""""ﬁ e parrow
the Cretaceous e U MODERN BIRDS
CLADOGRAMS .
Cladograms are diagrams that represent ICHTHYORNITHIFORMS

NEORNITHES
Saddle-shaped faces to
neck vertebrae

the relationships between different
organisms. The more derived characters
two species share, the closer they will be
on the cladogram. Cladograms do not g
show direct ancestor-descendant HESPERORNITHIFORMS

sequences but instead portray the

branching sequences that occurred A
within groups. Branching events in the CARINATAE (S
cladogram are marked by nodes — points - ;-\";.
where a new derived character appears, Liputntael e of L

uniting a narrower, more recently evolved humerus
clade. In the section of a bird cladogram
shown here, all three groups are united ™ Highest node
as a clade by a prong on their quadrate y. ’“ Higher node indicates
bone, a feature that distinguishes them Vil indicates a later most recently
from all other birds. Modern birds and ORNITHURAE Z\'/C;/'Utioﬂa;y trait, S:gl/j‘;)ed
ichthyornithiforms are also united by a &, Istinguishing a -
rounged head to their humerus bon};}, Prong on quadrate w narrower clade.
not shared with hesperornithiforms - so i \
they also belong in a narrower clade. Y . Node indicates the root of

L B i . aclade linked by a shared

A s derived character.
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Fish and Invertebrates

Water “woodlice,” some as large as serving dishes,
dragonflies with the wingspan of hawks, and sea
scorpions as big as people are all featured among
the prehistoric invertebrates (animals without
backbones) in this section. Also displayed are a
fantastic variety of fish, the first animals to have
backbones. Little jawless creatures with ever-open
mouths, armored fish with rocker jaws, spiky-finned
spiny acanthodians, and those superbly streamlined
swimmers, the sharks and bony fish, are all exhibited
here. Finally, lobe-finned fish, an ancient group that
is ancestral to humans, are featured. Throughout
the section, color photographs depict fossil
specimens, and computer models reveal how

long-dead organisms actually looked.
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FISH AND INVERTEBRATES

INVERTEBRATES CLADOGRAM

"T'HE SIMPLEST ANIMALS ARE INVERTEBRATES whose bodies lack distinct left

and right sides. Cnidarians and other primitive groups do not have
definite front ends, but their cells are organized into regions that
have specialized functions. Members of some higher groups possess
hard parts — a feature that evolved in the Early Cambrian. Advanced

invertebrates have bodies with distinct left and right sides. Early in the

evolution of some of these bilaterally symmetrical animals, the ability
to move forward became an advantage, and these animals evolved
distinctive head regions to house their primary sensory organs.

Planarian
flatworm

CTENOPHORES

FLATWORMS
(PLATYHELMINTHS)

Three layers
of tissue

Hollow-ball

embryo The development of the

embryo from a hollow ball
of cells is a feature not seen

Mesoderm En

CHORDATES

Jurassic starfish
Pentasteria

ECHINODERMS

DEUTEROSTOMES
Anus develops from
blastopore

Circulation
system

THREE TISSUE LAYERS
Flatworms and higher
invertebrates are
united by the presence
of three layers of tissue.
These three layers allowed
the evolution of a more
complex body, and a
distinct gut and organs.

doderm

in sponges. Animals whose
embryos go through the

CIRCULATION SYSTEM
The presence of a system

ANIMALS hollow ball stage are able that circulates blood
Two cell layers fo d.evelop more complex unites deuterostomes,
bodies than sponges. ecdysozoans, and
Ectoderm lophotrochozoans.
Circulation system
TWO CELL LAYERS Blastopore ¢ a crayfish

All animals have two
layers of cells in their
body walls, which is the
simplest type of body
organization. The layers
form a bag that encloses
an internal cavity.

Hollow, fluid-
filled embryo

Embryo .

ANUS DEVELOPMENT

In deuterostomes, the
blastopore — the first hole
that forms in the embryo —
becomes the anus.
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INVERTEBRATES CLADOGRAM

The Cambrian
trilobite Elrathia
is an arthropod.

WATER BEARS

Gastropod
Campanile

Earthworm

(TARDIGRADES) MOLLUSKS ANNELIDS
VELVET WORMS
(ONYCHOPHORANS)
ARTHROPODS

?OUNDWORM)S Brachiopod Cancellothyris TROCHOZOANS

NEMATODES

LOPHOPHORATES Trochophore larva
ECDYSOZOANS o c
Molting LOPHOTROCHOZOANS \'tg.;/ yespots
/ o
PROTOSTOMES =
Mouth and anus develop MOLTING Gilia bands— /

from blastopore In ecdysozoans, the external
skeleton called the cuticle is
shed as the animal grows.
This shedding allows
ecdysozoans to undergo SL
metamorphosis — change in =~ _~
body shape during growth. % |

DEUTEROSTOMES AND PROTOSTOMES Locust molting

Segmentation evolved in some deuterostomes
and protostomes, enabling them to devote parts

g
of their bodies to key functions. It may also have

encircle the larva.

TROCHOPHORE LARVA
Although trochozoans

are diverse in appearance,
they all have similar larvae —

microscopic, rounded,
swimming creatures with
fine hairs around the middle.

provided these animals with more flexibility.

INVERTEBRATE EVOLUTION

Most views about the evolution of animals come from
studies on genetics and on the development of embryos.
Fossils show that all major animal groups had evolved by
the Cambrian. Hard parts evolved suddenly in the Early
Cambrian, perhaps to function as storage sites for minerals
used in animal growth and development. Later, hard parts
became vital external features inherited by deuterostomes,
ecdysozoans, and lophotrochozoans. Not all scientists agree
with the grouping within the invertebrate cladogram, such
as putting nematodes with other ecdysozoans.

Centipede
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FISH AND INVERTEBRATES

TRILOBITES

BErore FisH BECAME DOMINANT, ancient seas teemed with trilobites — the
relatives of living woodlice, crabs, and insects. Trilobites were among
the earliest arthropods. The name trilobite, which means “three-
lobed,” describes the trilobite body’s division lengthwise into
three parts separated by two grooves. Most trilobites crawled
across the ocean floor, although some species swam. They
ranged in size from the microscopically tiny to species that
were larger than a platter. With more than 15,000 species,
trilobites outnumber any other known type of extinct
creature. The trilobites’ heyday occured during the
Cambrian and Ordovician periods, and the last
species vanished during the mass extinction

at the end of the Permian period.

TRILOBITE BODY PLAN

Viewed lengthwise, a trilobite’s body, such as this Phacops
(right), has a raised middle lobe, or axis, sandwiched between
two flatter lobes called the pleural lobes. Trilobites were also
divided crosswise. The three main body parts consisted of the
cephalon (head), the thorax, and the pygidium (tail). There
were cheeks and eyes on either side of the head. The long
thorax was made of many segments, each of which held
paired limbs. A tough outer casing protected all parts

of the body. After a trilobite died, the casing often

broke apart into the three main lobes.

Middle lobe

Pleural lobe

Phacops rolled

X A knobbly shield
up in defense

guarded Phacops’s
head, and its
eyes had hard
calcite lenses.

DEFENSE
Phacops (“lens eye”) curled up in
a tight ball or burrowed if attacked.
The 12 armored plates of its thorax
overlapped like a Venetian blind to
protect the legs and underside. Fish
were probably Phacops’s worst enemies,
but trilobites that lived earlier than Phacops
feared Anomalocaris, eurypterids, and nautiloids.

PALEOZOIC 542-251 MYA

Pygidium
(tail)
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TRILOBITES

TRILOBITE EYES

The eyes found in trilobites were

among the earliest animal eyes to

evolve. There were two main types

of eye, each made up of tiny calcite-
crystal lenses. Most trilobites had
holochroal eyes, which resembled

the compound eyes of insects. _
Up to 15,000 six-sided lenses {
were closely packed like cells in

a honeycomb. Each lens pointed

in a slightly different direction.
Holochroal eyes formed fuzzy

images of anything that moved.

Other trilobites had schizochroal

eyes, which contained large, ball-
shaped lenses. Schizochroal eyes
produced sharp images of objects.

Cephalon
(head)

Flexible thorax
made up of
many segments

Small lenses touch
one another and
are covered by

a single cornea.

Olenellus

Paradoxides

Each large lens had its own
cornea and was separated
from the lenses around it
by sclera.

Cornea
e
L
. =
Vs L ’
S

Cornea is the

Cross-section of a
schizochroal eye

Sclera acts as Lens
a tough skin

between lenses.

Cross-section of a
holochroal eye

Lens transmits /

Distribution of Olenellus and Paradoxides fossils

CLUES TO A VANISHED OCEAN

Two trilobites are clues to the existence of a long lost ocean.
In Cambrian times, Olenellus and Paradoxides lived on opposite
sides of the Iapetus Ocean, which was too deep for either to
cross. Later, both sides of the ocean merged, then the land
redivided to create the Atlantic Ocean. The new split means
that both trilobites crop up in rocks in the same countries,
but Olenellus fossils mainly occur north of the regions where

Phacops Paradoxides fossils are found.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 MyA
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transparent cover light to receptors
of the lens. in the eye.
LENS EYE

Scientific name: Phacops
Size: 1.75 in (4.5 cm)

Diet: Edible particles
Habitat: Warm, shallow seas
Where found: Worldwide
Time: Devonian

Related genera: Calymene, Cheirurus

Neogene 23—present

CENOZOIC 65.5 mya—present
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SEA SCORPIONS

Scientific name: Pilerygotus

Size: Up to 7 ft 4 in (2.3 m) long

Diet: Fish

Habitat: Shallow seas

Where found: Europe and North America
Time: Late Silurian

Related genera: jackelopterus, Slimonia
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FISH AND INVERTEBRATES

THE FIRST KNOWN INSECTS were tiny, wingless arthropods that lived in the
Devonian. Many scientists think that insects share an ancestor with the
crustaceans. By 320 million years ago, some insects had developed
wings. Flying insects eventually evolved different types of wings.
Flight helped insects find mates, escape enemies, and access
new food supplies. The flowering plants that arose in
Cretaceous times provided food for nectar-lapping
butterflies and pollen-eating bees. By 150
million years ago, antlike termites were
forming “cities” in which different
individuals performed specialized tasks to
help the colony thrive and to raise their
young. Later, ants, bees, and wasps
also formed colonies. Insects
have proven so successful
that the world now
teems with millions
of insect species. No
other land-based
arthropods are so
plentiful or varied.

Antenna

Meganeura fossil

Hard, shiny elytra Fine veins stiffened
preserved in a and strengthened
fossil beetle the wings.

HAWKLIKE HUNTERS

Meganeura was a gigantic, primitive dragonfly
Hydrophilus with a 27-in (70-cm) wingspan. It flew to hunt
flying insects above tropical forests in Late
Carboniferous times. Its features included
swiveling, multifaceted eyes like headlights,
which were quick to spot movement and sharp
enough to allow Meganeura to pounce on flying Six jointed legs,
prey. Meganeura flew by beating two pairs of wings as found in
stiffened by “veins.” It dashed to and fro through other insects.
forests, changing speed and direction almost

instantly, grabbing insects with its legs, and

bringing them up to its mouth to feed as it

WINGS AS SHIELDS

Water beetles almost identical to
this Pleistocene Hydrophilus fossil
still swim in ponds and streams.

As in other beetles, their forewings
are hard, tough cases called elytra.
These cover and protect the flimsy
hindwings — the wings that they
use to fly. To become airborne,
they spread their hinged elytra
and flap their hindwings. Beetles

designed along these lines date
back more than 250 million
years to the Permian period.

Cambrian 542-488.3 Ordovician 488.3-443.7

flew. Such giant protodragonflies had stronger
legs than living dragonflies, and could have
tackled flying animals as large as cockroaches.

Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 ‘

PALEOZOIC 542-251 MyA
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EVOLVING INSECTS

Wings fixed
at right angles
to the thorax

Long abdomen

Head with compound
eyes and biting
mouthparts

FOREST FORAGER

Cockroaches such as Archimylacris

lived on the warm swamp forest
floors of North America and

Europe 300 million years ago,
in Late Carboniferous times.
Like living cockroaches,
these ancient insects had a
large head shield with long,
curved antennae, or feelers,
and folded wings. Scuttling
around the undergrowth,
they chewed anything
remotely edible. Sometimes
they might have fallen prey

/ to amphibians and very
early reptiles.

The wings of this
fossil cockroach,
Archimylacris, are
well-preserved.

Meganeura

MEGANEURA

WINGS FROM GILLS \
This Jurassic fossil insect

was the nymph, or young,
1 of Mesoleuctra — an ancient A
relative of living stoneflies. s
Adult stoneflies have two pairs

of wings that fold back against . - -
the bogdy. Scientists beliegve that Sx.ze: Wingspan up to 27 in (70 cm)
insect wings evolved from large Diet: Insects

gill plates on the legs, which helped Habitat: Tropical swamp forest

such insects breathe underwater. Where found: Europe

Stonefly ancestors may have raised
; ! p’ their gill plates like little sails, and
o i used the wind to skim along the water

: surface, as some stoneflies do today.
299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 Mya CENOZOIC 65.5 MyA—present

Scientific name: Meganeura

Time: Late Carboniferous

Related genera: Meganeuropsis, Tupus

Neogene 23—present
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FISH AND INVERTEBRATES

Thur FLAT-SIDED, COILED SHELLS CALLED AMMONITES were named after
Ammon, an Egyptian god with coiled horns. Rocks that are rich
in ammonite fossils also contain those of belemnites — long,
tapering fossils that were named from the Greek word for
darts. Both groups were cephalopods — mollusks with
soft bodies, such as nautilus, octopus, and squid. Like
squid, ammonites and belemnites had tentacles
that surrounded beaklike jaws. Both groups lived
in the sea and moved by jet propulsion — they
squirted water one way to dart in the opposite
direction. Ammonites are among the most
plentiful fossils from the Mesozoic era,
but neither they nor belemnites lasted
beyond the Age of Dinosaurs.

ECHIOCERAS

The ammonite Echioceras lived and swam in
shallow seas around the world in Jurassic times.
Its narrow, loosely coiled shell was reinforced
by the short, straight ribs that ran across it.

In life, Echioceras’s tentacled head poked out
of the shell’s open end as it foraged for food.
Paleontologists believe that this ammonite

was a slow-swimming scavenger, rather than an
active hunter. Like many ammonites, Echioceras
probably wafted over the seabed and grabbed
anything edible it could stuff in its beak.

Buoyancy
chamber
inside shell

Tube

Septum
(dividing wall)

Beaklike jaws

Tentacle

INSIDE AN AMMONITE Ribs spaced
Ammonites lived in a shell that was divided into a well apart
number of chambers. The innermost chamber was strengthened
the oldest cavity. When the young ammonite outgrew the shell.
: this home it built a bigger chamber next to it, which it
Ovary » S moved into. This process was repeated as the ammonite

grew. The old, empty chambers served as buoyancy
tanks. A tiny tube that ran through the chambers
Gill pumped out water and filled them with gas, which made

Section through the ammonite light enough to float above the sea floor.

an ammonite Kidney Stomach

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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299-251

AMMONITES AND BELEMNITES

BELEMNOTEUTHIS

Belemnites, such as Belemnoteuthis, resembled
squid. They were long-bodied creatures with
fairly large brains and big eyes. From the head
end sprang 10 tentacles armed with suckers and
hooks. The muscular mantle — the front of the
body — had a winglike fin on either side. The
tapering rear end covered the back of the
internal shell. Belemnoteuthis used its hooked
arms to grapple small, slow-moving sea creatures
to its beak. To steer or swim slowly, Belemnoteuthis
flapped its fins. To dart forward or backward

for a fast attack or a high speed getaway, it
propelled its body by squirting jets of water.
Belemnoteuthis lived in a Late Jurassic sea that
once existed where Europe stands today.

Loosely coiled
shell with many
turns, known
as whorls

Mantle

Head region

ECHIOCERAS

Scientific name: Echioceras

Size: 2.5 in (6 cm) across

Diet: Tiny organisms
Habitat: Shallow seas
Where found: Worldwide
Time: Early Jurassic

Related genus: Asteroceras

INSIDE A BELEMNITE
This Cylindroteuthis fossil shows the main parts of a
belemnite’s internal shell. The chambered phragmocone
provided buoyancy for the middle of the body and helped

to keep it level in the sea. The phragmocone’s tapering rear
end slotted into the front of the long, narrow guard — a hard
part that often fossilized. One of the largest of all belemnites,
Cylindroteuthis lived in deep offshore waters in Jurassic times.

Triassic 251-199.6

Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5

MESOZOIC 251-65.5 myA
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Long, pointed
guard or pen

Paleogene 65.5-23

Hooked
tentacle

Chambered
phragmocone
in the body’s
broad front end

Neogene 23—present
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FISH AND INVERTEBRATES

M AJOR STEPS IN EVOLUTION before and early in the
Cambrian gave rise to early fish. First, millions of
tiny cells clumped together to produce sponges.
Then, different types of cells that carried out
specialized tasks formed tissues in more advanced
animals, the eumetazoans. The first
eumetazoans had two layers of tissue.
Later eumetazoans had three
tissue layers. Further
changes created
bilaterians — animals
with left and right
sides, bodies made of
many segments, and a front and rear with

a mouth and anus. By 535 million years ago,

small, long-bodied bilaterians called chordates
had evolved a stiffening rod called a notochord
that foreshadowed an internal skeleton. Chordates
that gained a brain, gills, muscle blocks, and

fins became the world’s first fish.

Calcite plates
protecting the body

Inlet for food
and water

Cothurnocystis

Calcite plates
framing the head

Slits for expelling
water waste

CALCICHORDATES

Cothurnocystis was a strange, boot-shaped animal of
a group that one scientist called calcichordates
(“calcium chordates”), making it a chordate — an
organism that has a notochord at some point in
its life. Its tail might have contained a notochord,
and the small slits in its body might have filtered
food, just like the throat slits found in living
lancelets. However, most scientists believe it was
simply a weird echinoderm. Cothurnocystis had an
outer “skin” of hard plates like a sea urchin —a
living echinoderm.

COTHURNOCYSTIS FOSSIL
Resembling a strange, stalked flower turned to
stone, a Cothurnocystis fossil lies embedded in an
ancient piece of Scottish rock. Cothurnocystis belonged
to the carpoids — small, oddly flattened creatures that
lived on Early Palacozoic seabeds. More than 400 million
years ago, this carpoid — small enough to fit in a human’s
hand — might have dragged itself across the seabed by its tail.
Scientist Richard Jefferies suggested that the tail enclosed a
notochord, which might make the carpoids ancestral to fish.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MyA
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TOWARD THE FIRST FISH

HEAD CHORDATES
The little eel-like cephalochordate (“head chordate”)
called Branchiostoma (lancelet) living today is probably
the best clue to the creatures that gave rise to fish.
Branchiostoma and other cephalochordates do not have
a head but a swelling of the notochord at the body’s
front end that hints at the beginnings of a brain. In 1999, V-shaped blocks
Chinese scientists described an earlier fossil creature that of muscle
they believed would have had an anatomy very similar to

Branchiostoma, but was more fishlike. They claim that

530-million-year-old Haikouella had a well-developed

brain, eyes, a heart, and gill filaments. Such

creatures might have been the world’s Neural cord

first craniates — creatures with

Living Branchiostoma

a cranium or skull.

opening Heart

Tail, or stem, used
to drag the body
over mud.

COTHURNOCYSTIS

Notochord shrivels
as tunicate grows.

TAIL CHORDATES

Living tunicates are close kin to

the ancestors of fish. Tadpolelike

tunicate larvae possess notochords.

They are called urochordates (“tail chordates”)
because most of their notochord is in their long tails.
Tunicate larvae swim around, then glue themselves
onto the seabed. Fish may have come from creatures
Size: Cup diameter 2 in (5 cm) similar to young tunicates that never settled down.
Diet: Edible particles

Habitat: Muddy sea floor
Where found: Western Europe

Scientific name: Cothurnocystis

Tunicate larva

PUZZLING CONE TEETH
Conodont fossils puzzled paleontologists for more
than 150 years. They are tiny, toothlike fossils of
mysterious sea creatures that persisted for more
than 300 million years, yet seemed to leave no
other trace. At last, in 1983, an entire fossil
conodont animal was found. It was eel-like,
with large eyes, and teeth inside its throat. As
conodont teeth appear to contain ingredients
of bone, some scientists consider conodonts
to be the world’s first vertebrates. However,
conodonts formed a sidebranch of the
evolutionary line that led to fish.

Time: Ordovician

Related genus: Dendrocystites

Conodont teeth
resembled the
teeth on a comb.

Conodont elements
on a pinhead

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23-present

MESOZOIC 251-65.5 myA CENOZOIC 65.5 mya—present
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FISH AND INVERTEBRATES

VERTEBRATES CLADOGRAM

VERTEBRATES HAVE AN INTERNAL SKELETON of bone or cartilage.

The evolution of this skeleton allowed some vertebrates to support
their weight on land better than any other animal group. As a result,
vertebrates have grown to sizes and taken to lifestyles that are beyond
the scope of most other animals. The most important group of
vertebrates are the gnathostomes — the jawed vertebrates. The most
successful gnathostomes are the bony fish. Members of this group
include the ray-finned fish and the sarcopterygians — the lobe-finned
fish and fourfooted vertebrates.

Eusthenopteron from
the Late Devonian

COELACANTHS,
LUNGFISH, AND
THEIR RELATIVES

Dunkleosteus and
other armored fish
were among the

earliest jawed fish.

/m

Lamprey

Jurassic Lepidotes fossil

ARMORED FISH

JAWLESS FISH

RAY-FINNED FISH

CARTILAGINOUS FISH

SARCOPTERYGIANS
Muscular fin base

SPINY SHARKS

Muscle Lobe-finned
Bony fin skeleton
M
P .,
ol N
H.__c-: % :_. — S;‘
GNATHOSTOMES A0 3 =\
Jaws o ’-,r-"‘. _‘3"} BONY FIN SKELETON = e
) = /b All bony fish have fin B
Pt Sap N [ bones. Muscles atta§hed MUSCULAR FIN BASE
v R e to these bones provide .
- a bony fish with better Sarcopterygians have
VERTEBRATES ¢ control over their fins. 11}11u§c1§s at the lﬁlse ?f
Vertebral column o ; Bony fish are the most their 1ins, as well as large
i Barracuda jaws succ}fl:ssful nathostomes and powerful fin bones,
st bl e JAWS § : which allowed some of

The evolution of jaws allowed (

them to clamber through

vertebrates to eat bigger items, e underwater vegetation,
VERTEBRAL COLUMN develop diverse feeding styles, " : \.\ and later to walk on land.
AND BRAINCASE and Pugh more water for _ _
The vertebral column is a respiration through the e “ )
chain of vertebrae that protects expanded mouth cavity. Bones in -
the spinal cord. Vertebrates bony fish’s fin \\\
have distinct heads in which N e
the brain and sensory e Vs
organs are protected === o0 K Veatez‘:;ll column
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VERTEBRATES CLADOGRAM

Mastodonsaurus from
the Late Triassic

Domestic

Diadectes from chicken
the Early Permian

In cladistic terms,

birds are reptiles whose
forelimbs have become
wings, and who have
feathers instead of scales.

I

TEMNOSPONDYLS DIADECTOMORPHS SYNAPSIDS REPTILES
SEYMOURIAMORPHS
LEPOSPONDYLS AND
LISSAMPHIBIANS T —
Amniotic membrane
The amniotic membrane
REPTILIOMORPHS Chicken egg surrounds the embryo.

Reduced premaxillae

The premaxillae are /ﬂ )

TETRAPODS
;ir'nbs Wlth two bones that form [/ i1 1 L)
distinct digits the tip of the snout. [ | | | I b
g YT al
'II § | B Il'ul‘
¥ |
R | \ AMNIOTIC MEMBRANE
Skull of | L The embryos of amniotes
I reptiliomorph | /1" ¢ '. Wi are protected by a watertight
@ : Gephyrostegus | Fy 1 & amniotic membrane. The
e gt LA/ ¥ “"'_I L evolution of this membrane
“V WY allowed amniotes to dispense

Forelimb of Permian
temnospondyl Eryops

LIMBS WITH DISTINCT DIGITS
Sarcopterygians with distinct
limbs and digits are called
tetrapods. These vertebrates
evolved in the Devonian from
aquatic or amphibious predators
that later adapted to life on land.

with the aquatic larval stage
present in primitive tetrapods,
and to colonise the land away
from bodies of water.

REDUCED PREMAXILLAE

The premacxillae are proportionally
smaller in the reptiliomorphs than
they are in other tetrapods. Despite
sharing this feature, the various
reptiliomorph groups may not

be closely related.

VERTEBRATE EVOLUTION

Invasion of the land is a minor part of the vertebrate
story, for most of the group’s evolutionary history has
been played out in water. Primitive jawless fish were
the earliest vertebrates. They were superseded in the
Late Paleozoic by jawed vertebrates. The evolution
of muscular fins and well-differentiated limbs and
digits allowed lobe-finned fish to take to the land.
Tetrapods evolved during the Devonian. By the
Carboniferous, they had radiated into numerous
aquatic, amphibious, and terrestrial groups.
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FISH AND INVERTEBRATES

F1SH CLADOGRAM

IN CLADISTIC TERMS, THE WORD “FISH” encompasses all vertebrates,

as tetrapods — vertebrates that bear limbs with distinct digits — evolved from
bony fish. Jawless fish evolved in the Cambrian from chordate animals
related to tunicates. In the Ordovician and Silurian, the gnathostomes, or
jawed vertebrates, diversified into four groups — armoured fish, cartilaginous
fish, spiny sharks, and bony fish. Cartilaginous fish and bony fish (including
their descendants tetrapods) survive today and, between them, dominate life
in water and on land.

HOLOCEPHALANS
(CHIMAERAS)

Dunkleosteus from
the Late Devonian

Lamprey

JAWLESS FISH ARMORED FISH

Devonian shark
Cladoselache

E1LASMOBRANCHII
(SHARKS AND RAYS)

SPINY SHARKS

HAGFISH EXTINCT JAWLESS
FISH
CARTILAGINOUS FISH
Cartilaginous skeleton
LLAMPREYS
GNATHOSTOMES
Jaws
8 I
VERTEBRATES VERTEBRAL COLUMN =7 |
Vertebral column AND BRAINCASE ' S
sinal brinease The vertebral column is Lo B L..-.UJJT /
a chain of vertebrae that i
protects the spinal cord. A I
Vertebrates have distinct D Barracuda skull
heads in which the brain and jaws
and sensory organs are JAWS

Vertebral column
and skull in a
simple vertebrate

i/ o
==

protected by a skull.

The evolution of jaws was
the key event in vertebrate
evolution. It allowed
vertebrates to eat bigger
items, develop diverse
feeding styles, and push
more water for respiration
through the expanded
mouth cavity.

CARTILAGINOUS SKELETON
The skeletons of cartilaginous
fish are made of cartilage
rather than bone. Many small,
polygonal plates are embedded
in the cartilage surface — a
feature unique to cartilaginous
fish and present in the group’s
earliest members. These fish are
simple gnathostomes that may
be related to placoderms.

S i

Shark spinal column
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FISH CLADOGRAM

Pycnodus lived from Rudd
. . the Mid Cretaceous
Cheirolepis from to the Mid Eocene.
the Mid Devonian

(BOWFINS) TELEOSTS

CHEIROLEPIDIDS PYCNODONTIFORMS

CHONDROSTEANS
(BICHIRS AND
STURGEONS) HALECOSTOMI
Eusthenopteron from S ——
the Late Devonian P
Supramaxilla
ADVANCED RAY-
FINNED FISH =
SARCOPTERYGIANS Symmetrical tail fin /‘\.( S
{ [ e )
“y AN e e
— '\.;"’t“ ~ A2
e :?JC‘J_ 2 L’.——”j
RAY-FINNED FISH SYMMETRICAL TAIL FIN i
Fins supported by rays The evolution of a spinal Skull and iaws
column that did not of amiid J
extend as far into the
tail fin as in earlier fish
created the symmetrical SUPRAMAXILLA

BONY FISH
Bony fin skeleton

tail fin. These tail fins
produce more thrust and
& allow faster swimming.

Teleosts and amiids are
united in the Halecostomi.
Members of this Mesozoic
and Cenozoic group have
a supramaxilla, a new skull
bone in the upper jaw that

M rgﬁf,r" g formed part of a special
BONY FIN SKELETON SN system for opening the
All bony fish have fin Rav-finned fish’s fin WM 7 jaws. The supramaxilla
bones. Muscles attached 4 ) i f provided the Halecostomi
to these provide bony fish b with a wider gape.
with better control over their  FINS SUPPORTED BY RAYS Sailfish tail skeleton
fins. Bony fish are the most Ray-finned fish arose in the
succe§sfu1 gnathostomes. Silurian and have become
They include ray-finned the most diverse group of
fish, lobe-finned fish, aquatic gnathostome. Fin FISHY ORIGINS
and tetrapods. rays give these fish finer Both jawless fish and the primitive jawed fish

control over the motion that evolved in the Ordovician were slow and
| of their fins. Primitive ray-

finned fish have distinctive inflexible compared to modern bony fish. Bony

rhomboidal scales covered fish evolved bony bases and rays in their fins that

by a hard outer layer. made them swimmers with increased maneuverability.
The evolution of the symmetrical tail fin in the
Carboniferous allowed ray-finned fish to swim faster.
Teleosts combined all of these features with jaws that
could open especially wide, which increased their

Bonesin ability to draw water and prey into their mouths.
bony fish’s fin
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FISH AND INVERTEBRATES

AcNaTHANS (“WITHOUT JAWS”) WERE THE EARLIEST, most primitive fish.
Their only living relatives are the hagfishes and lampreys — eel-shaped
parasites that fasten onto other fish and feed on their flesh or blood.
They were small in size — most less than 6 in (15 cm) long, though some
grew to 3 ft 3 in (1 m) — and many were tadpole shaped. They displayed

a number of features that are considered to be primitive. Their mouths Esfnkssﬁ’s/’:fe J
were fixed open because they lacked jaws, they had no bony internal with balance.

skeleton, and they lacked paired fins. Because they had fewer fins
than more advanced fish, they were not very maneuverable in

the water. Early jawless fish lived in the seas, but they
later invaded rivers
and lakes. They
swam by waggling
their tails, and
sucked in food
particles from the mud
or water around them.
Their bony armor
protected them from
sea scorpions and
other predators.

The long lower lobe
of the tail gave the
fish lift as it swam.

oy Aeee ) RSN - .

) Q‘ {t"l“.‘- R Xy Y s Sensory organs, called a

i\ ,"l. LA A : o : . lateral line, were present
Foh Ly M e . in the sides of the body

and in the roof of the skull.

The back of the body
was covered with
flexible scales.

VERTEBRATE PIONEER
Sacabambaspis was a tadpole-
shaped fish that lived 450

million years ago. It swam by
waggling its tail, but had no

other fins, which would have
made braking and steering almost
impossible. Two tiny, headlightlike eyes
gazed from the front of its armored head as
it sucked in water and food scraps through the
ever-open hole of its mouth. Sacabambaspis lived in
shallow seas, but its fossils have been found in the
rocks of Bolivia’s high Andes. Old as they are, agnathans
80 million years older are now known from China.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 ‘ Carboniferous 359.2-299

PALEOZOIC 542-251 MyA

Large bony plates
protected the
head and chest.
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JAWLESS FISH

A tall, bony spine at the

back of the head shield

served as a dorsal fin. Long, pointed snout
Small eyes set in a
head shield made of

several bony plates 7 .-:m

~ WING SHIELD
. Pleraspis (“wing
'i shield”) is so named
- ." because it had
"~ pointed, winglike,

: armored spines sticking

g outfrom its sides. Its

F heavily armored, pointed
f' head had a long, sharp snout

~ jutting out above and in front of
the mouth. Lacking jaws, the mouth
was fixed open and the animal might
have swum near the surface, guzzling
tiny shrimplike creatures. Pteraspis and its
relatives were very successful during the Late
Silurian and Early Devonian in terms of both
numbers and diversity.

Bony head WING SHIELD

shield with
eyes on top

BETTER BALANCE
Cephalaspis was a
member of the
osteostracans, a large
group of advanced jawless fish. Its key features
included a big, bony head shield with eyes on top, a

Scientific name: Pleraspis

Size: 8 in (20 cm) long

mouth beneath, and sense organs on the sides and on Body about Diet: Tiny water animals
the top of the head. The upturned tail tended to tilt 8 in (20 cm) long Habitat: Shallow seas
the head down as it sucked in nourishment from mud Where found: Europe, Asia, North America

on the floors of streams and ponds. Paired scaly flaps,
similar to pectoral fins, provided lift and balance, and
a dorsal fin helped stop the body rolling.

Time: Early Devonian

Related genera: Errivaspis, Protaspis

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MyA—present

Neogene 23—present
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FISH AND INVERTEBRATES

P1rAcODERMS (“PLATED SKINS”) WERE PRIMITIVE jawed fish. They are named

for the broad, flat bony plates over the head and front of the body, which

protected them from attack by larger placoderms and sea scorpions. They

shared many anatomical features with sharks — backbones made of cartilage,

for example — hinting that the two groups may have shared a common

ancestor. Like sharks, placoderms probably had no swim bladder, and so

had to keep swimming to avoid sinking. There were seven main groups of

placoderms, including odd forms that were flattened like rays, forms with

long, narrow, tapering bodies and tails, and forms with bone-plated “arms.”

Some lived in the sea, some in fresh water, and they ranged in size from a

few inches up to 26 ft (8 m) — the first fish to grow to such a large size.

Placoderms were a very successful group. Although they lived almost

entirely within a single geological period — the Devonian — they Each iointed “arm”
diversified to become the dominant vertebrates of the time. ot e bony tube,

FISH WITH “ARMS”
Bothriolepis was among the strangest of placoderms.
Up to 3 ft (1 m) in length, it possessed jointed
“arms” made of bony tubes that enclosed its long,
narrow pectoral fins. Bothriolepis might have used
these arms to dig for food in the mud of the seabed.
Alternatively, the arms could have pulled the fish
over dry land as it migrated from one pool to
another, breathing air with its “lungs.” Fossils of

this placoderm are found in marine and freshwater
deposits worldwide. Scientists suspect that it lived

in shallow Devonian seas, swimming upstream

to spawn, just as salmon do today.

Preserved head
and trunk shields

Rock slab containing many
fossils of Bothriolepis

FLAT OUT

The flat-bodied fish Gemuendina resembles a modern skate or
ray, but in fact it belonged to an ancient group of placoderms
called rhenanids. It had broad, winglike pectoral fins. A short,
bony shield guarded its foreparts and tiny bony plates ran
down its slender tail. Much like living rays, Gemuendina swam
with rippling movements of its pectoral fins. Patrolling the
seabed, it thrust out its jaws and crushed shellfish between

its toothlike tubercules. Gemuendina lived in Early Devonian
times where central Europe now stands, although similar
primitive placoderms occurred in North America.

Gemuendina fossil in
fine-grained rock

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 ‘ Carboniferous 359.2-299 m

PALEOZOIC 542-251 MyA
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ARMORED FISH

Dorsal fin

Head and chest
shields connected
by a ball-and-

socket joint
Unprotected

scaleless tail

BONY ONE
. One of the largest and most
_ % formidable of all placoderms
was Dunkleosteus, named after
American paleontologist D.H. Dunkle.
With massive head and jaws, it reached a
size of around 16 ft (5 m). Only its head and
shoulder areas were covered by a protective
shield, leaving the big, fleshy pectoral fins
free to help it maneuver. The rest of the body
had no armor or scales. Scientists are unsure
about the shape and habits of Dunkleosteus. 1t
may have been sharklike, swimming and
hunting actively, or it may have had an
eel-shaped body fringed with long,
ribbon-like fins and lived on the

sea bed, swimming sinuously.

DUNKLE’S BONY ONE

Bony tooth plates with
sharp, cutting cusps

Huge head and chest
shield of Dunkleosteus

HEAD ARMOR

Dunkleosteus was a member

of a group of Late Devonian
placoderms called arthrodires

or “jointed necks.” It rocked back
its head to open its jaws, revealing
razorlike, self-sharpening bony
plates that served as teeth.

Its victims probably included
small, early sharks.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MyA—present

Scientific name: Dunkleosteus

Size: 16 ft (b m) or more long

Diet: Fish

Habitat: Oceans

Where found: Europe, Africa, North America
Time: Late Devonian

Related genera: Bruntonichthys, Bullerichthys

Neogene 23—present
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Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 ‘ Carboniferous 359.2-299 | Permian

I PALEOZOIC 542-251 MyA
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ARMORED FISH

e W .
i : -’
"
Ir ] L = .!‘._
i =T
T*_'-I- - _,-4-,} i
- .
Y vf. -*
;- I_ w» . '\_-'I 3= !
~i
. 1214
i £ ‘
— A )
. 3 o aw o R
F - e M L
-
299-251 Triassic 251-199.6 Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
CENOZOIC 65.5 MyA—present

MESOZOIC 251-65.5 MyAa



http://www.ebook3000.org

FISH AND INVERTEBRATES

SHARKS ARE SUPERB SWIMMING and killing machines and have been among the
top ocean predators for more than 400 million years. Their basic features — a
streamlined shape and jaws bristling with razor-sharp fangs — have changed little
in this time, although many different kinds of
sharklike fish have evolved. These include rat
fish with big eyes and ratlike tails, and skates
and rays with wide, flattened bodies and
broad, low teeth. Sharks and their relatives
are known as Chondrichthyes (“cartilage
' fish”) because their skeletons are made
‘ . of cartilage rather than bone. Other
features typical of the group include
. teeth and scales that are continually
shed and replaced, no gill covers,
and paired fins. Sharks also lack
- swim bladders, which means
= they must keep swimming
., to avoid sinking.

oY

Short main dorsal fin

Streamlined, torpedo-
shaped body

’ Snout shorter and
Large pectoral fins blunter than

modern sharks

Rows of teeth grew
forward to replace old
ones that fell out.

CLADOSELACHE

CLADOSELACHE
Cladoselache is one of the earliest known sharks.
Its well-preserved fossils have been found in Late
Devonian rocks that date back 400 million years. This
formidable carnivore hunted fish, squid, and crustaceans that

lived in a sea that existed where Ohio now stands. In some ways Scientific name: Cladoselache
Cladoselache resembled today’s sharks, with a torpedo-shaped body, Size: Up to 6 ft 6 in (2 m) long
big eyes, large pectoral fins, and large tail, but in other ways it Diet: Fish and crustaceans

was very different from modern species. Its snout was shorter and Habitat: Seas

more blunt, its mouth was located at the front of the head rather Where found: North America
than underneath, and its upper jaw attached to the braincase Time: Late Devonian

at the front and back, not just at the back. This meant that Related genus: Monocladodus

the mouth could not open very wide.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MyA
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SHARKS AND RAYS

WIDESPREAD PREDATORS
Hybodus was a blunt-headed shark with prominent fin spines
and distinctively shaped scales. Growing up to 8 ft (2.5 m) in
length, it closely resembled modern sharks although its jaws
were of different design, carrying two different types of teeth.
Pointed teeth at the front were used to seize its prey of fish,
while blunt teeth at the back were used to crush bones and
shells. Males had curious barbed hooks on the sides of their
heads, attached to the braincase. The genus Hybodus
flourished for much of the Mesozoic Era, and fossils
of different species have been found as far apart
as North America, Europe, Asia, and Africa.

Long upper tail
lobe similar to that
of modern sharks

Barbed spines on the head show
that this was a male Hybodus.

Flat toothplate of

Sharp tooth of the the ray Myliobatis
shark Carcharocles

Large pectoral fins
helped the shark to
maneuver

SUN RAY
The stingray Heliobatis (“Sun ray”) was a flat-bodied,
freshwater fish that lived in North America about 50
million years ago. Up to 12 in (30 cm) in length, its flat,
round body had a long whip-like tail armed with barbed
spines. Heliobatis lay on the bottom of rivers and lakes,
snapping up crayfish and shrimp. When attacked,

it lashed out with its B
tail. The spines at the
tip could perhaps
inject a powerful
poison through the
skin of its enemy.

SHARP OR BLUNT

Prehistoric sharks and rays are often identified

from their hard, durable teeth because their gristly
skeletons did not readily fossilize. The sharp, serrated
tooth shown here belongs to the huge Eocene shark
Carcharocles, which killed and ate large sea mammals.
It is very different from the broad flat toothplate of
the ray Myliobatis, which was designed to crunch up
the hard shells of armored creatures, such as as

crabs and clams.

The fin rays radiated
like the rays of the Sun.

SPINY CHEST
Among the strangest of all prehistoric creatures was -
Stethacanthus (“spiny chest”), a small shark that lived about

360 million years ago. The male carried a bizarre tower on

its back, the broad, flat top of which was covered by a brush \
of spines. Another spiny patch grew on top of its head. The |
function of the spiny patches is uncertain. Viewed head on, ‘
they may have resembled a pair of huge jaws, thus scaring

off predators, or they may have been important in mating.

e
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FISH AND INVERTEBRATES

ACANTHODIANS OR “SPINY SHARKS” MAY HAVE predated placoderms as the

first fish with jaws. They were named for their streamlined, sharklike bodies
with upturned tails, and for the thorn-sharp spines that formed the leading
edges of their fins. Most spiny sharks had deep, blunt heads, big mouths,
and at least two dorsal fins. Although their cartilage backbone reminds us
of a shark’s, acanthodians had a braincase, gills, and other features more
like those of bony fish that dominate the waters of the world today. The
oldest known acanthodian fossils come from Early Silurian rocks in China.
Evolving in the sea, acanthodians invaded lakes and rivers eventually.

Most were small — the largest 6 ft 6 in (2 m) long. The group persisted

for maybe 170 million years — as long as the dinosaurs —

with a heyday in the Devonian.

I

w)
A
I &
i Y

A
ol

: 5'17.
L

1 )

:-v]-.
W L
“
.;‘
*I‘H,-

o
ox 1LY

o+,
3

"

)
i

'l‘
W

i

‘D
4
v

i
e

*

B
i
v

,.ld
L
¥
éﬂ' 1

T
» wa

8
¥
b j"

"5-‘.,,:
: s?u{?,u
WMot vy
wt T
¥
W
|I' F

¥

Large eyes
suggest that
Climatius hunted
by sight

not scent

INCLINED FISH
Climatius (“inclined fish”) was
named for its upward tilted tail. This

SPINY PROTECTION
Fin spines up to 16 in (40 cm) long are the best known remains
of the spiny shark Gyracanthus. Fossils of this well-defended

animal are found in Carboniferous rocks of North America small river fish was a member of the
and Europe. The group to which Gyracanthus belongs Climatiiformes, the earliest group of acanthodians.
probably evolved in Antarctica but spread around It had big eyes and sharp teeth suggesting that it

the world. Some of these acanthodians carried . < 1. . .
pectoral fin spines that were half their was an active predator. It is likely that Climatius

body length as protection zoomed low over the beds of seas or rivers in search
against large, fierce of prey — tiny fish and crustaceans. Its defensive
predators. features included heavy, bony shoulder armor,
spiny fins, and four pairs of extra finlike spines

that protected its belly. These helped make
Climatius difficult for larger predators to tackle.

Distinctive ridges on
surface of Gyracanthus
fin spine

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 ‘ Carboniferous 359.2-299

PALEOZOIC 542-251 MyA
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SPINY SHARKS

Cheiracanthus fossil in
Old Red Sandstone rock

HAND SPINE
Thick spines on the Cheiracanthus (“hand spine”) was a
back and belly made deep-bodied acanthodian about 12 in
Climatius hard to (30 cm) in length. It had a blunt head,

swallow. upturned tail, and fins protected by spines.

Unlike many other acanthodians, it had just
a solitary dorsal fin. Cheiracanthus swam at mid-
depth in lakes and rivers, seizing small prey in its
gaping jaws. Whole fossils of this fish occur only in
Mid-Devonian rocks in Scotland, but its distinctive
small, ornamented scales crop up around the world,
as far south as Antarctica.

Non-retractable

spines added to
drag as the fish swam.
.

A >
s

Caudal (tail) fin was present only
below the upturned tail lobe.

INCLINED FISH

RIGID FINS
The shoulder girdles of spiny Pectoral fins
sharks such as Climatius began connected to
as two separate bony plates bony plates
connected to the spiny

pectoral fins on each side of

the body. Later they evolved

into plates connected by a

narrow plate that ran across

the chest. Other plates were Pectoral fins
added later, until they formed locked in
a rigid structure that locked position
the pectoral fins in position.

The fixed fins served as

hydroplanes, providing lift

as Climatius swam forward.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MyA—present
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Scientific name: Climatius

Size: 3 in (7.5 cm) long

Diet: Small fish and crustaceans
Habitat: Rivers

Where found: Europe, North America
Time: Late Silurian to Early Devonian

Related genus: Brachyacanthus

Neogene 23—present
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FISH AND INVERTEBRATES

Bony risH ARE THE MOST NUMEROUS and diverse of all living
vertebrates, and more than 20,000 of them belong to one
giant group — the actinopterygians or “ray fins.” They are
named for the straight bony rays — controlled by muscles in
the body wall — that jut out from the body and stiffen the fins.
The earliest known ray fins lived 410 million years ago. The
first group to evolve were the paleoniscoids (“old, codlike
fish”), which were small with thick scales, inflexible stiff fins,
long jaws, and long upper tail lobes. By moving air into and
out of special “lungs,” they could control their level in the )

water, even though they lacked swim bladders. A few different k{)‘gi(; ggziilgsecies of bichirs still live
kinds of paleoniscoids evolved during the Devonian Period in freshwater habitats in Africa, where they

but more than 36 family groups appeared later, in the feed on small igi‘g‘éfgii‘écﬁ;; prorms and
Carboniferous and Permian. After that, new kinds of bony fish  can be traced back to ancestors that lived

called neopterygians (“new fins”) began to take their place. 400 million years ago. Their skeletons are
largely made of cartilage, they have big,
enamel-covered scales, and their pectoral

H AND FIN fins sprout from fleshy lobes.
Cheirolepis (“hand fin”) was one of the earliest ray-finned fish.
Only parts of its backbone were actually made of bone — the
rest was made of gristle and so was not often preserved in
fossils. Unlike modern bony fish, Cheirolepis had pectoral
fins (the equivalents of arms) that grew from fleshy lobes
projecting from its body. It was covered in small
overlapping scales thickly coated with a special
enamel known as ganoin. This fish was an
eager hunter, swimming fast to catch prey
in freshwater pools and streams. It could b L AN
open its jaws very wide to swallow _ A fﬁ,“' R
animals two-thirds of its own length. | LR | RN
As Cheirolepis swam, its tall dorsal =& /s E‘J"‘J‘S"'ﬂ ;

fin and the large anal fin below 18 YLy
its body helped to stop it
rocking in the water.

Relatively large eyes

Pectoral fins on

Long jaws equipped
v T fleshy lobes

with many tiny teeth

REDFIELDIUS
About 8 in (20 cm) in length, Redfieldius swam in lakes
and streams about 210 million years ago. Its group, the
redfieldiids, are thought to have evolved in Australia or
South Africa and then spread to North Africa and North
America in Early Mesozoic times, when all these lands
were joined. The skull and fins of Redfieldius are more
advanced in design than those of the first ray-finned fish.

g . e A
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EARLY RAY-FINNED FISH

LEPISOSTEUS
This streamlined freshwater predator, about 28 in

(70 cm) long, had dorsal and anal fins placed so far

back on its body that they almost touched its tail.

Despite its “old-fashioned” enameled scales, it is

more advanced than the first ray-finned fish. About

50 million years ago, Lepisosteus would have lurked in
shallow weedy waters of what is now Wyoming. It probably
lay in wait for its prey of small fish, seizing them in sudden
bursts of speed between its long, narrow, toothy jaws. Living
members of its genus include the gars of North America.

Lepisosteus fossil
from the Eocene

Characteristic upturned tail

swimming. Paired fins
below the body helped
to keep the head up.

Body flexed powerfully
when swimming

STURGEON
Best known for producing eggs that people eat as
caviar, sturgeons are living “prehistoric” ray-finned
fish. The two dozen kinds alive today live in northern
seas and swim up rivers to spawn. Several of these
species are endangered by over-harvesting, dam
construction, and pollution. They feed on small
animals and plants, which they suck into their
toothless mouths. The largest can grow to lengths

of 10 ft (3 m) and weigh up to half a ton (0.5 tonnes).
Like bichirs, they have cartilage skeletons, and like
Cheirolepis they possess uptilted tails and “old-
fashioned” scales and fin rays.

-~ o
‘.,. N J Scientific name: Cheirolepis

Size: 10 in (25 cm) long

Diet: Small invertebrates

Habitat: Fresh water

Where found: Europe, North America
Time: Middle to Late Devonian
Related genera: Moythomasia, Orvikuina

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MyA—present
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FISH AND INVERTEBRATES

ADVANCED RAY-FINNED FISH

IMPROVED TYPES OF RAY-FINNED FIsH called neopterygians (“new fins”)

began to appear in Mesozoic times — the Age of the Dinosaurs. These

new forms had shorter jaws than before, but their mouths could open

wider, and tooth plates in their mouths formed bones for grinding up

food. Changes in the design of the fins and tail, which became more

symmetrical, made neopterygians faster and more agile in the water. Heavily enameled

However, the biggest changes at this time occurred in the group of overlapping scales made
. « . the body inflexible.

neopterygians known as teleosts (“complete bones”). These evolved

defensive fin spines, deep but short bodies, and immensely powerful

tails to drive them along. Swim bladders — airfilled sacs — helped

control their buoyancy, and they could protrude their mouths to seize

or suck in food. Spiny teleosts also had lighter, thinner scales than

early ray-finned fishes. There are more than 20,000 teleosts

living today, demonstrating the success of the design.

SCURFY SCALES

Lepidotes (“covered in scurfy scales”) was a bony fish
nearly as long as a human. In many ways it looked
very different from the first ray-finned fish. It was
far bigger, with a deeper body, a swim bladder
for controlling buoyancy, shortened jaws,
and a wider gape. Like early ray-finned
fish, its body had a coat of thickly
enameled scales that resembled

rows of shiny tiles. Lepidotes cruised
above the floors of lakes, lagoons,

and shallow coastal waters, crunching
shellfish with its strong teeth. Despite
its size and protective scales, Lepidotes itself
was sometimes snatched and gobbled up
by big fish-eating dinosaurs: the spinosaurs.

SCURFY SCALES
PRIMITIVE TELEOST

No longer than a human hand,
Leptolepides was a primitive
bony fish that lived about

150 million years ago. It swam
in shoals in tropical lagoons
where Germany now stands.
Like carp and other modern
teleosts, it was able to protrude
its mouth to take in its food —
plankton in the surface waters.
Its bony scales were strong but
thin, flexible, and light,

Scientific name: Lepidotes
Size: Up to 5 ft 6 in (1.7 m) long

making it an agile swimmer, Diet: Shellfish
Leptolepides, a small and its tail’s supporting rays Habitat: Lakes and shallow seas
Late Jurassic teleost showed other signs of Where found: Worldwide
from Europe progressive change. Time: Triassic—Cretaceons

Related genera: Acentrophorus, Corunegenys

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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ADVANCED RAY-FINNED FISH

OLD ACARA
Priscacara was a spiny-rayed perchlike teleost that

grew to about 6 in (15 cm) in length. It lived in North
America about 45 million years ago and was an ancestor
of damselfish, small fish found today on coral reefs in
warm oceans. Stiff spines protected its dorsal and anal
fins, and its short jaws were crammed with tiny teeth
allowing it to snap up snails and small crustaceans

in lakes and streams.

Short, deep body
resembles that of a
living cichlid, the Acara.

Number of fin rays of
anal fin is the same as
the number of their
support bones — a
feature of neopterygians.

Top and bottom tail
lobes of equal length

SWORD RAY
Xiphactinus was a primitive teleost that swam in Late Cretaceous seas
where North America, Europe, and Australia now stand. At up to 14 ft
(4.2 m) in length it was as large as today’s largest bony fish. Swinging its
short “bulldog” jaws open wide to reveal its prominent conical teeth, it
could seize and then swallow a fish as long as a human. This is known
because the guts of one fossil Xiphactinus contain the remains of Gillicus,
another neopterygian, which was 6 ft (1.8 m) long. It is thought that some
Xiphactinus died because they
tried to swallow
prey that was

too big.

Relatively deep body

i ,aur

. f”uﬁf u'im?i-' i
gl 11
| RRTECITAGY

Large lower jaw
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FISH AND INVERTEBRATES

THE BONY FISH THAT SwaM IN sEAs and freshwaters 400 TR T
million years ago belonged to two large groups — lobe
fins and ray fins. Lobe-finned fish, or sarcopterygians,
were so called because their fins sprouted from fleshy,
muscular lobes reinforced by bone. Many also possessed
a type of lung in addition to gills and so could breathe in ————
air and in water. A variety of lobe fins arose during the
Devonian period, among them lungfish, coelacanths
(“hollow spines”), and Osteolepis (“bone scale”). From the Scientific name: Panderichthys

descendants of Osteolepis or its kin came air-breathing lobe | Size: 33 in (1 m) long

fins that would take an important place in evolutionary Diet: Fish and crustaceans
history. As some of their fins shrank, others evolved into Habitat: Shallow pools
limbs and they became the ancestors of all land-living Where found: Europe

Time: Late Devonian

vertebrates. By Late Palaeozoic times, lobe-finned fish
Y ’ Related genera: Elpistostege, Obruchevichthys

thrived in seas and rivers worldwide. Today only one

coelacanth species and six kinds of lungfish survive.

PANDER’S FISH
In the 1990s, scientists made an important discovery about the Late
Devonian lobe fin Panderichthys. Their studies revealed that this
freshwater sarcopterygian was one of the closest known ancestors
of four-limbed vertebrates — closer even than Eusthenopteron. It
had a long, narrow body and a long, large, flat head with
eyes on top. Its nostrils were low on its snout, and its
teeth were covered with enamel folded the same way
as in some early four-legged animals. The way its
ribs joined its backbone, and the shape of its
skull bones also made it more like a tetrapod
than a fish.

Ridged upper and
lower toothplates
of Ceratodus

Broad, flat head of

HORN TEETH Panderichthys, with
Ceratodus (“horn teeth”) was a freshwater lungfish eyes located on top
that lived worldwide throughout the Age of Dinosaurs. and undershot
Tapered at both ends, it grew to a length of 20 in mouth, opening
(50 cm). It had two pairs of leaf-shaped, fleshy fins, below the snout

together with a long, pointed fin formed by the tail fin
and two others that had met and joined. The crinkly
toothplates anchored to its jaws allowed it to crunch
up its food of fish, frogs, and snails. It had gills, but
could also breathe through its nostrils at the water
surface, using its swim bladder as a kind of lung.

PALEOZOIC 542-251 MyA
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LOBE-FINNED FISH

LIVING COELACANTH

Latimeria, a coelacanth 5 ft (1.5 m) long,

shares features with ancestors that lived

350 million years ago. Fleshy lobes support
some of its fins and enameled scales protect Narrow, fleshy,
its body. Its “frayed” tail is a reminder of the fin-fringed tail
name crossopterygian (“fringe fin”), which is
sometimes used for the coelacanth group.
People thought all coelacanths were extinct

until one was caught off South Africa in 1938.

No dorsal or
anal fins

Eusthenopteron
fossil

GOOD STRONG FIN
Eusthenopteron (“good strong fin”) was a long-bodied, predatory
freshwater fish with a three-pronged tail. Nostrils opened into
its mouth, and details of its skull, teeth, backbone, and the
bones of its paired pectoral and pelvic fins were similar to
those of the first four-legged animals. It lived in Late Devonian
North America and Europe. Scientists once thought that it
could haul itself over land from pond to pond on its stubby
fins, breathing air through a lunglike swim bladder. However,
Large muscular closer examination of its fins suggests that

pectoral fins they may not have worked

supported by K
“arm” bones well as limbs.

Powerful fins,
which could push
Eusthenopteron

through shallow waters

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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Amphibians and Reptiles

About 360 million years ago, a fish with lungs

crawled ashore on stubby fins that had evolved

as limbs. So vertebrates set off upon their great
adventure on dry land. This section begins with
the early tetrapods — four-footed amphibious
creatures. From weak-legged, crocodile-sized
“newts” to sturdy landlubbers, all these creatures
laid small unprotected eggs in water. Eventually
small lizardlike tetrapods began to produce eggs
that were protected by a shell. So arose the reptiles
— animals whose waterproofed, well-nourished eggs
enabled them to breed on land. Fossils and lifelike
models reveal the incredible variety of prehistoric

reptiles that once ruled land, sea, and air.
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AMPHIBIANS AND REPTILES

EARLY TETRAPODS AND
AMPHIBIANS CLADOGRAM

TETRAPODS, THE LIMB-BEARING VERTEBRATES, evolved in the Devonian
from lobe-finned fish. The earliest tetrapods were much like their
fish ancestors and were probably lake-dwellers that only occasionally
dragged themselves onto land. More advanced tetrapods were better
suited for life on land. They had stronger limbs, each with only five
digits. All later tetrapods — which include the extinct temnospondyls,
the lissamphibians, and the amniotes — inherited this five-fingered limb Fucritta from the
plan. As tetrapods evolved, some of the skull bones seen in their fish Carboniferous
ancestors became lost or reduced in size. The tetrapods best suited
for life on land — the amniotes and diadectomorphs — evolved

a strengthened junction between their hips and vertebrae.

BAPHETIDS

Like other primitive
tetrapods, Acanthostega

was a large predator that
lurked among waterplants. I CHTHYOSTEGA
Ichthyostega’s
limbs were made
for paddling . . .
through water and L7 :;g;ltzr?; LS
Ventastega’s body and tail =1 shuffling on land.
were fish-like, and its limbs )
were used as paddles. A CANTHOSTEGA
Olecranon Ichthyostega Olecranon
forelimb process
process ~
J
& s ; ‘H\“ =
VENTASTEGA e -
Interlocking OLECRANON __.;'IJ _}’ /
vertebral pegs PROCESS P e i, W
53 A bony region on ’ ’_ﬂ*:‘*fj;"'#l A~
the lower arm called '
the olecranon process unites tetrapods
VERTEBRAL PEGS higher than Acanthostega. The olecranon
. . Ventastega Interlocking pegs called provided leverage for powerful arm muscles.
Flr.nbs W.lt}.l =, forelimb zygapophyses project
distinct digits ( N from the ends of vertebrae.
[y Zygapophyses help stiffen Eryops
| the spirzle, and allox;fle(?l early V=9 forelimb
i ) = tetrapods to carry their = =T
Digit ‘_T- '-’n’_ﬁ'- bodies off the ground. et A TN
Ve 17 O\ N\ Digit
9, &I & Rear Front FIVE-DIGIT HAND - 55N
e SRR zygapophysis zygapophysis The presence of five L s,
LIMBS WITH N digits on the hand unites '-."‘*..'; eSS =
DISTINCT DI.GITS 7 LR ] e Nk e baphetids, temnospondyls, A= N
We!l-forrl}ed limbs and £ . J : -:‘ = ‘J lissamphibians, and higher
digits unite the tetrapods. s o g ,;:_"; N tetrapods. Five may be the best
Another feature — a “starburst” Do g

number of digits for tetrapods that
( Human use their limbs for walking instead
= B Sy  vertebrae of paddling.

pattern on the skull — has el W
allowed poorly fossilized

members to be identified.
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EARLY TETRAPODS AND AMPHIBIANS CLADOGRAM

Proterogyrinus from
the Carboniferous

ANTHRACOSAURS DIADECTOMORPHS AMNIOTES

Frog

Mastodonsaurus from
the Late Triassic

SEYMOURIAMORPHS

Sacrum with
two vertebrae

LISSAMPHIBIANS

TEMNOSPONDYLS

Reduced

g el Lizard pelvic girdle

and sacral vertebrae

M
3 .-»}- I-“-—ﬂ'_ﬁ
AT N 4 Two sacral
My .5"5";‘ vertebrae

g FHRY N
i i

Absent internasal
bones
The premaxillae are
' two bones that form
L the tip of the snout.
Internasals missing \
from skull of more TWO-VERTEBRAE SACRUM

Internasal advanced tetrapod. r " The sacrum of diadectomorphs
bones __L_. and amniotes consists of two
Skull of reptiliomorph [ 'I vertebrae, rather than one.

# Gephyrostegus W This reinforced sacrum would

'\ ¥ 1 'j,'t\ k ! have allowed these creatures to

become larger, heavier animals.

REDUCED PREMAXILLAE

The premaxillae are proportionally
smaller in reptiliomorphs than
they are in other tetrapods. Despite
sharing this feature, the various
reptiliomorph groups may not

be closely related.

Tetrapod
skulls

ABSENT INTERNASAL BONES
Temnospondyls and higher
tetrapods are united by the
absence of the internasal

bones. The factors that caused
these bones to be lost remain

unknown. It may be that they TETRAPOD EVOLUTION
created zones of weakness Primitive tetrapods with multiple fingers and toes appear
along the midline of the snout. to have been largely restricted to watery environments.

The fossil record shows that after tetrapods with five-
fingered hands evolved early in the Carboniferous,

they diversified rapidly and gave rise to most of the
major groups within less than 30 million years. All
tetrapods that are not amniotes were formerly called
amphibians. However, many fossil animals that have been
called amphibians were not in fact related to each other.
The word amphibian is often not used as a formal term.
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AMPHIBIANS AND REPTILES

Thur TETRAPODS, MEANING “FOUR FEET,”
are the group that includes all living
vertebrates with four limbs and
distinct digits, or animals whose
ancestors conformed to this standard
pattern. Experts once thought that limbs
evolved so that early tetrapods could crawl ashore,
but new finds cast doubt on this idea. Early tetrapods,
such as the Devonian Acanthostega, evolved from lobe-finned
fish, and were still tied to life in water. They had paddlelike limbs,
gills, and tail fins. However, they also possessed many of the features
inherited by all later types, including distinct digits (often more than
the usual five), limbs with wrist and elbow joints, and vertebrae with
interlocking pegs. Because the earliest tetrapods were apparently
aquatic predators, it seems that these features all evolved in the water.

Paddlelike tail swept
from side to side
while swimming.

Early tetrapods were
large — between 20 in
(50 cm) and 40 in

(1 m) long.

Bony rays
supported the
fins that grew
from the top and
bottom of the tail.

TETRAPOD ORIGINS
Among the earliest tetrapods are
Elginerpeton from Devonian Scotland,
Metaxygnathus and Ventastega. These animals are included in the
group because of distinctive skull features, even though scientists
do not know if they had limbs and digits. This reconstruction of
Elginerpeton assumes that it looked similar to Acanthostega. The
very first tetrapods, which include Obruchevichthys from Latvia and
Metaxygnathus from Australia, are from the late Devonian (about
365 million years ago). Footprints found in Australia show that
fourfooted animals were walking on land even at this time.

Artist’s restoration of Elginerpeton

Hindlimbs were
directed sideways
and backward,
functioning best
as a paddle.

ACANTHOSTEGA Ichthyostega fin/hand

EVOLUTION OF DIGITS
Digits — fingers and toes — evolved
from the fin bones of lobe-finned
fish like FEusthenopteron. The
earliest digit-bearing vertebrates
were long thought to have five
digits — the pattern found
universally in later forms.
However, we now know that
Ichthyostega, Acanthostega, and
possibly other tetrapods possessed
several more fingers and toes, challenging
the old idea that possession of five digits is a
feature inherited by tetrapods from the very first

Fish fins lack
both a wrist region
and distinct digits.

Scientific name: Acanthostega

Size: 3 ft 3 in (1 m) long

Diet: Insects, fish, smaller stegocephalians
Habitat: Lakes and ponds

Where found: Greenland

Time: Late Devonian

Related genera: Ichthyostega, Tulerpeton

Numerous small bones
form the fin skeletons
of lobe-finned fish.

four-footed vertebrates. Advanced tetrapods may
possess five digits simply because this is the best
number when the limbs are used for walking,
rather than as paddles.

PALEOZOIC 542-251 MyA

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 ‘ Carboniferous 359.2-299 m

58



EARLY TETRAPODS

All early limbed vertebrates have a
distinctive patterned skull surface.
FISHLIKE SKULL

The skull of Acanthostega was streamlined in shape
and well suited for grabbing fish and other aquatic
prey. This well preserved skull is similar to that
of the lobe-finned fishes, ancestors of the earliest
limbed vertebrates. The downturned tip of the
snout is due to distortion during fossilization. Like
fishes, early limbed vertebrates still had a system of
sensitive canals, called lateral lines, on their skull bones.

Acanthostega skull

The teeth were slim,
sharply pointed, and
conical.

ACANTHOSTEGA

Tetrapods like Ichthyostega and Acanthostega from Late Devonian
Greenland had many fishlike features, including a tail fin, gill bones,
and paddlelike hindlimbs. They appear to have been aquatic predators.
Intriguingly, these animals had multiple digits — Acanthostega had eight
fingers and Ichthyostega had seven toes. These features suggest that the
evolution of limbs and digits first occurred in the water, and not
on land. Acanthostega and its relatives might have ventured
onto land occasionally (Ichthyostega
had broad ribs that could have
supported it out of water),

but their limbs were poorly
adapted for walking.

Interlocking pegs, called
zygapophyses, on the
vertebrae helped stiffen

L
Acanthostega’s spine arge eyes

directed upward
and sideways.

Only three bones,
the humerus, radius,
and ulna, form the
arm skeleton.

Unlike fish, The eight fingers

Acanthostega had were probably

a distinct bony webbed together b nihostega
wrist region. to form a paddle. B bably caught

other vertebrates
Old model of ey
Tchihyostega CHANGING INTERPRETATIONS
Old reconstructions show Ichthyostega on all fours. The
argument was that limbs and digits had evolved after fish
took to crawling on land — perhaps in search of prey or
new ponds. However, we now know that limbs
and digits probably evolved in
aquatic animals, possibly to
help their owners clamber
through aquatic plants. Four-
footed postures for these
animals are unlikely as the
hindlimbs were so flipperlike.
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AMPHIBIANS AND REPTILES

TEMNOSPONDYLS WERE A LARGE AND DIVERSE group of aquatic,
amphibious, and terrestrial animals. Their fossils are known
from Paleozoic and Mesozoic rocks worldwide. Most early
temnospondyls were aquatic, salamander-like predators,
but some, such as Dendrerpeton, were land-living
predators with stout limbs, short bodies, and eyes
on the sides of their heads. Unlike modern
salamanders and frogs, however, temnosponyls
did not have smooth naked skin — instead,
their bodies were scaly. Some later land
temnospondyls had armor on their backs
or over their whole bodies. Other advanced
temnospondyls stayed in the water and
became gigantic predators. Some of these
had long skulls and resembled modern
crocodiles. They were not necessarily
restricted to freshwater, and some appear
to have been sea-dwellers. Fossils show

that they went through a larval stage.

Mastodonsaurus

Reconstructed Buettneria skeleton pre qbal? ly Spel t nearly all
of its time in the water.

Nearly all iy Vi :
metoposaurs had a = . ' ' ]
wide, flattened body. e 3 .= A e L

MASS DEATHS
Some kinds of temnospondyls are preserved in mass death
fossils. Hundreds of individuals seem to have perished and

been buried together. The fossil below records a mass death of
Trimerorhachis, a Permian temnospondyl from North America. The
formation of these mass death assemblages is still controversial.
Traditionally it was thought they were created when the pools
these animals lived in dried up during a drought. Some experts
now suggest that they formed from the gradual collecting
together of bones by water currents. Another idea is that these
temnospondyls died together in sudden mudflows or floods.

Small, weak
- limbs suggest

o that metoposaurs
3 did not walk on
land much.

METOPOSAURS
Distantly related to Mastodonsaurus, metoposaurs

were a group of large, mostly aquatic temnospondyls. All
metoposaurs, including this Buettneria from Late Triassic North
America, had large flattened skulls. This fossil was missing the
end of its tail, and the restorers extended it, based on the idea
that Buelineria was a long-tailed swimming predator. However,
recent investigations suggest that Buettneria had a short tail and
probably laid in wait on the riverbed, grabbing prey as they came
within range. An African metoposaur called Dutuitosaurus did
have a tail more like the one shown here, suggesting that it
actively swam after fishes and other prey. Trimerorhachis mass death fossil

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 m
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TEMNOSPONDYLS

Mastodonsaurus could
probably hide underwater with
just its eyes above the surface.

Skull up to 4.5 ft (1.4 m)
long in the biggest
individuals.

Notches at the back of the skull
captured vibrations, allowing
Mastodonsaurus to hear.

Sensory grooves on its skull
allowed Mastodonsaurus to
detect vibrations made in

the water by its prey.

Tusks could have
been used to hold
Numerous small sharp large prey animals.
teeth lined both upper

and lower jaws.

MASTODON LIZARD

Mastodonsaurus was a large-headed temnospondyl that belonged Skull twice
to a group of advanced, mostly Triassic animals called capitosaurs. as béozd =
e body.

It had a short, massive body, stout limbs, a short tail, and a long-jawed
powerful skull. Two large triangular tusks pointed up from near the
tip of its lower jaw. When the jaws closed, these slotted through
openings on the palate and projected through the top of the skull.
The fossils of some smaller temnospondyls bear tooth marks made
by Mastodonsauruslike animals. It probably also ate fish, as well
as land-living animals like small archosaurs.

The tail was short but

may have served as
MASTODON LIZARD a paddle when

swimming.

Huge curved
tusks grew
from the palate.

Siderops
grew to about

8ft(2.5m)in Smaller teeth
length. lined the jaws.
CRETACEOUS SURVIVORS
Scientific name: Mastodonsaurus Temnospondyls were once thought to have been extinct by the end of the
Size: 7 ft (2 m) long Triassic, but recent discoveries show that they survived as late as the Early

Cretaceous. Siderops from Jurassic Australia had a huge broad head and
Habitat: Lakes, ponds, and swamps Eladelike teeth. It probably ate aqugtic anirpals, but al‘so appears to have

- een well-equipped to grab land animals, like small dinosaurs, from the
Where found: Europe and North Africa water’s edge. All Jurassic and Cretaceous temnospondyls belonged to
Time: Triassic a group called the brachyopoids. Why these survived while all other
Related genera: Heptasaurus, Eryosuchus temnospondyls died out is unknown. Perhaps they lived in places that
were less affected by environmental changes that wiped out their relatives.

299-251 Triassic 251-199.6 ‘ Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

LIFE IN A SWAMP FORES"

DuriNG THE CARBONIFEROUS PERIOD, land- i ) GIANT ARTHROPODS

dwelling animals began to diversify and new A i mg;sw““rgasapsaé‘nfsfb&‘g li?glgst(_zgei“ﬁ)y’ing
kinds of terrestrial vertebrates evolved. Lush, RN insccis. It was a swift aerial predator,
forested swamps covered the lowland regions ' probably living much like a modern '

4 dragonfly. It was not a dragonfly however,
belonging instead to a more primitive
group called the Protodonata. Other giant
Carboniferous arthropods included
scorpions more than 24 in (60 cm) long,
and Arthropleura, a flat-bodied millipede

6 ft 6 in (2 m) long.

of the northern continents. Ferns and other
plants formed the understorey, while giant
100-ft (30-m) trees towered overhead. Dead
material from these plants built up over Sp
millions of years into thick layers of coal. %
Humid, tropical conditions and possibly :
higher amounts of oxygen in the atmosphere
favored the evolution of giant arthropods,
among them huge, dragonfly-like forms and
large, land-dwelling millipedes and scorpions.
Among the vertebrates, temnospondyls and
anthracosaurs thrived as amphibious and
aquatic predators. On land, lepospondyls and
the first amniotes hunted invertebrate prey. .

. -‘:"F"! b

-
'f’i ﬁ

;
/

r

arly re such a

ylono S, nhabited the

arbo ous forests. They
- probably foraged in the leaf
litter for insects and other
small prey.

\ — 1™y
I — -
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LIFE IN A SWAMP FOREST

Triassic 251-199.6

CARBONIFEROUS PLANTS

A number of plant groups, including
clubmosses, horsetails, and ferns, formed
the Carboniferous swamp forests. The
largest clubmosses, such as the giant
Lepidodendron, reached 165 ft (50 m) in
height while the biggest horsetails grew
to 50 ft (15 m). Living members of these
groups are at most a few feet in height.
Dense groups of plants would have grown
in and around the swampy pools, and
broken stems, branches, and shed leaves
would have lain in the waters.

Eryops may have
crawled onto the
shore or onto
fallen tree trunks

" to bask or rest.

Jurassic 199.6-145.5

MESOZOIC 251-65.5 mya

Cretaceous 145.5-65.5
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] Scientific name: Eryops Py

Size: 6 ft 6 in (2 m) long RO e f
— 7 O L
Diet: Fish, amphibious tetrapods ey b

Habitat: Swamps and lakes ]

. Where found: North America ) P

| =% r :
~ Time: Late Carboniferous to Permian =

R?iated genera: Clamorosaurus, Intasﬂg@us

Various large p
haunted the d
us forests,

ondyls called eryopids
'gEes” ‘i‘at survived into
ian period. Their

somewhat flattened skul

contained numerous sharp
teeth. Eyes and nostrils wer

located on t - top of their
_ heads, sug ¢
- keptas m i ie

under water as p0551ble whe
stalking prey. They had hor
weak limbs, and aly skm

red Wlth ony nodgleJ
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AMPHIBIANS AND REPTILES

SNAKELIKE AISTOPODS

One of the most bizarre groups of Paleozoic
tetrapods are the aistopods, eel-like animals
with more than 200 vertebrae and without
any limbs or limb girdles. Aistopods have
large eyes, suggesting that they hunted by
sight. Some may have been able to open
their jaws very wide, like snakes, and so
could have eaten large prey. Scientists

argue over whether aistopods were aquatic
eel-like predators or land-living burrowers.
It may be that different aistopods followed
each of these lifestyles.

Snakelike
body with no
sign of limbs

Some aistopods had
extra joints in their
Jaws for engulfing
large prey.

Aistopod Aornerpeton

Giant salamander Andrias

LEPOSPONDYLS AND LISSAMPHIBIANS

LLEPOSPONDYLS WERE A GROUP OF CARBONIFEROUS and Permian tetrapods
that probably included the ancestors of lissamphibians, the group that
includes frogs, salamanders, and caecilians. They lived in a warm,
humid world where giant temnospondyls were the dominant predators.
Microsaurs were lizard-like lepospondyls from the Carboniferous and
Early Permian. Some were well-adapted for life on land, while others
were aquatic. Nectrideans were salamanderlike, and more at home in
the water — the best-known nectridean is Diplocaulus, with its distinctive
boomerang-shaped skull. Lissamphibians evolved early in the Mesozoic,
perhaps from microsaurs. Frogs are known from the Triassic, while
salamanders and caecilians first appear in the Jurassic. Today there

are more lissamphibian than mammal species — around 5,000.

Diplocaulus would
not have exposed its
vulnerable underside
for long.

BOOMERANG HEAD
Diplocaulus from the Permian
of Texas was one of the most
unusual lepospondyls. The
“boomerang” shape of the skull
was formed by hornlike extensions
from the hind-corners of the back of
the skull. Baby Diplocaulus did not have
the boomerang-shaped skulls of adults,
but as they became older the hornlike
structures became larger. Diplocaulus’ skull

was just one of several bizarre designs found
among nectrideans — several later examples
grew extremely long snouts. Diplocaulus’ short
body and tail are also unusual for a nectridean,
and some experts have speculated that it
propelled itself by rippling its body up and
down, rather than by using its tail.

LISSAMPHIBIAN DIVERSITY

Since their first appearance, lissamphibians have evolved
into a wide variety of forms. Frogs are bizarre lissamphibians
with dramatically reduced skeletons. They lack ribs and a tail,
have only a few vertebrae, and have a pelvis reduced to a
V-shaped structure. Triadobatrachus from Triassic Madagascar
is the earliest known frog. Salamanders first
appear as fossils in the Jurassic, and
modern groups, such as giant

The earthworm-like, limbless
lissamphibians called caecilians
also originate in Jurassic times.

Early frog Triadobatrachus

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 Rg3si11t1

PALEOZOIC 542-251 MyA




LEPOSPONDYLS AND LISSAMPHIBIANS

Relatively weak
hindlimbs

Short tail unlike
that of other
nectrideans

Five-toed
feet

Water passing over the
head travels faster and
further, creating a drop
in downward pressure.

Water passing below the
head travels more slowly
and with higher pressure,
creating lift.

Short, wide body may have
allowed Diplocaulus to lie

Eyes mounted on top unnoticed on the riverbed
of the skull suggest
Diplocaulus spent much

of its life on the riverbed.

Wide mouth for
snapping up prey

DIPLOCAULUS

Nostrils

FUNCTION OF THE HEAD
The use of Diplocaulus’ horns has been the subject of
much speculation. Perhaps predators like temnospondyls
would not have been able to swallow Diplocaulus because
its horns were simply too wide to fit into a predator’s
mouth. A more ingenious idea is that the horns
functioned like an airfoil, generating lift when
Diplocaulus was swimming into a river
current. The animal might have spent
most of its time on the river bottom
watching out for prey, before raising
its head slightly and gliding
quickly to the surface

to catch a meal.

Scientific name: Diplocaulus
Size: 3 ft (1 m) long
Diet: Fish, other vertebrates, crustaceans

Habitat: Lakes, rivers, and streams
Where found: North America
Time: Early to Late Permian
Related species: Diplocerapsis

Diplocaulus skull and vertebrae

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

Thae REPTILIOMORPHS, OR “REPTILE FORMS,” include the ancestors 4
of amniotes, and the amniotes — the group that includes reptiles Y
— themselves. Though some specialized reptiliomorphs, like '
Crassigyrinus, were amphibious or aquatic, generally their

skeletons became steadily better suited for carrying weight on e -

5

land. Some reptiliomorphs are found preserved in environments ‘:_-H}j‘,:;

well away from water, and are not associated with other water- s \

dependent species. It seems that these terrestrial reptiliomorphs The tail is unknown, \
. . . but it was probably

were very amniote-like, and they have at times even been long and used in

classified as amniotes. Whether they actually laid eggs on land, swimming.

as amniotes do, is still uncertain, but at least some of them are
known to have produced aquatic larvae. Most amphibious and
terrestrial reptiliomorphs were sprawling predators that ate
arthropods and small vertebrates. The terrestrial
diadectomorphs were herbivores, while the
long-bodied aquatic anthracosaurs, some
of which reached nearly 16 ft (5 m)

in length, probably preyed on fish

and other animals.

The back part of the
skull anchored large
chewing muscles.

Diadectes had a
stout skull and
deep lower jaws.

Strong fingers to
dig up plants

Molarlike back
teeth for chewing

FIRST HERBIVORES

Diadectomorphs were reptilelike

animals that evolved in the Late Carboniferous and Front teeth were

survived into the Early Permian. They had massive limb spoon-shaped and
. . . projected forward.

girdles and short, strong limbs. Diadectes from North

America and Europe is the best known diadectomorph.

The shape of their teeth shows that diadectomorphs fog;'feuc’j Z’IZL;; -

were herbivores, and thus the very first land vertebrates f/gm the body. y

to evolve a plant-eating lifestyle. Features of their

skeletons show that diadectomorphs were very closely Short claws with

related to amniotes, and they may have been very blunt, rounded tips

similar in lifestyle and anatomy.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 Rg3si11t1
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REPTILIOMORPHS

BIZARRE AQUATIC PREDATOR
Crassigyrinus from the Early Carboniferous of Scotland is DIADECTES
regarded by some experts as a reptiliomorph. It was about
6 ft (2 m) long, with a massive, blunt head and tiny limbs.
Crassigyrinus was probably an aquatic predator of fish and
other vertebrates. Several of its features were very primitive,
perhaps because of its specialization to aquatic life. Among
these were its pelvis and a prominent notch in the back of
its skull. This may have been for a spiracle — a remnant of
the gill slits seen in fish and the earliest limbed vertebrates.

Large eyes located
high on the head

Scientific name: Diadectes
Size: 10 ft (3 m) long

\é - Mewv oo \The teeth were long Diet: Ferns, mosses, other plants

and sharply pointed. Habitat: Scrubland

Large “tusks” grew Where found: North America and Europe
from the palate of the - -
Tiny, virtually upper jaw. Time: Early Permian

Short tail useless forelimbs Related genera: Desmatodon, Diasparactus

Skeletal structure
of Seymouria

Limb bones were
heavily built and
powerfully muscled.

SEYMOURIAMORPHS
Barrel-shaped body The Permian saw the appearance of the seymouriamorphs, a group
probably housed  Toes were short of small predatory reptiliomorphs. Many were aquatic, giving birth
massive abdomen.  and composed to young with gills. Like fish, these juveniles had sensory canals on

of stout bones. their skull bones. Pits on the skulls of Discosauriscus larvae might have
housed organs to detect electrical signals from the muscles of their
prey. Seymouria, from Europe and North America, was a land-based
form. It had stocky limbs and lived in dry upland environments.
Unlike those of Discosauriscus, juveniles of Seymouria lacked gills.

Westlothiana probably
preyed on insects.

Limbs show that
Westlothiana was suited
for life on the ground.
LIZZIE THE LIZARD

Westlothiana from the Early Carboniferous of
Scotland — nicknamed “Lizzie the lizard” — was
originally regarded as the first reptile. It was
later identified as a reptiliomorph only distantly
related to amniotes. However, some scientists
have suggested that Westlothiana is not even a Long,
close relation of reptiliomorphs. Instead, it may flexible
be a far more primitive kind of tetrapod body
(four-footed vertebrate). The same has also

been argued for seymouriamorphs.

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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AMPHIBIANS AND REPTILES

INTRODUCING AMNIOTES

IN THE LATE CARBONIFEROUS, a group of animals

The rotten tree stumps

appeared that would come to dominate life on land that trapped Hylonomus
— the amniotes. Descended from reptiliomorphs, e
these were the first creatures to protect their 100 ft (30 m)

embryos within a sealed structure called the tall clubmoss.

amniotic egg. The evolution of amniotic eggs

was probably the key development that allowed
tetrapods to conquer the land — they could now
move into environments that were far away from
water. Amniotes consist of two major groups:
synapsids (mammals and their fossil relatives) and
reptiles. Many later dispensed with the eggshell
and retained their embryos internally, thus
affording them even better protection.

Embryo is protected

from the outside world
by the shell.

Microscopic shell
pores let gases in
and out.

Waste material
collects in the
allantois.

Yolk feeds the embryo
during development.

AMNIOTE EGGS

Amniotic eggs have a semipermeable shell that
protects the embryo from drying out on land. An
internal membrane called the amnion surrounds the
embryo as well as the yolk, the embryo’s food source.
A sac called the allantois stores waste material.
Development of the embryo in a protective sealed
structure meant that the free-swimming larval stage
seen in earlier tetrapods could be dispensed with.

EARLY FOSSIL AMNIOTES

Paleontologists can identify skeletal features that are

unique to synapsids and reptiles, such as their teeth.

These features allow them to recognize early fossil amniotes

without direct proof that they laid amniotic eggs. The

earliest fossil reptiles are Carboniferous animals such as

Hylonomus and Paleothyris.

The earliest fossil synapsid

is Archaeothyris from the

same Carboniferous
Canadian locality as
Hylonomus and
Paleothyris. All these
early amniotes were very

similar in appearance.

Skull of Paleothyris

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 RSyt
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INTRODUCING AMNIOTES
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AMPHIBIANS AND REPTILES

REPTILES CLADOGRAM

DURING THE PALAEOZOIC AND THE MESOZOIC, the clade of amniotes
called the reptiles dominated life on Earth. In the form of birds,
snakes, and lizards, reptiles are the most successful group of

living amniotes. The earliest reptiles, such as Hylonomus, were tiny
insectivores. However, early parareptiles — a radiation of armoured
herbivorous and insectivorous forms — included the largest land
animals of the Permian. Turtles are surviving members of this early
parareptile radiation. The diapsids — a major reptile group — evolved
late in the Carboniferous. The Late Permian saw the rise of the
archosaurs — the group that includes dinosaurs, birds, pterosaurs,
and crocodiles. Living alongside the archosaurs were the squamates,
the diapsid group that includes lizards, snakes, and their relatives.

Hylonomus is the
earliest-known reptile,
and was fully adapted
for life on land.

Hylonomus from the
Late Carboniferous

Cretaceous marine
turtle Archelon

CAPTORHINIDS AND HYLONOMUS

Turtles possess protective
armour plates, like
other parareptiles.

PARAREPTILES

Canine-like teeth
in upper jaw

Captorhinid skull

REPTILES
Sauropsid openings
in the palate

—

Reptile skull Canine-like I " ol >

teeth %M‘ J— o ="

SAUROPSID OPENINGS
Reptiles are united by the
presence of two openings in
the palate (roof of the mouth)
called suborbital fenestrae.

The function of these openings
remains obscure. Primitive
parareptiles lack the features
that distinguish other reptiles.

CANINE-LIKE TEETH

The captorhinids and more
advanced reptiles are united by
the presence of canine-like teeth
in their upper jaws. These teeth
may have helped them bite into
different types of food, from

Sauropsid -
animal prey to parts of plants.

opening
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REPTILES CLADOGRAM

Ichthyosaurus from
the Mid Mesozoic

MARINE REPTILES

Jurassic crocodile
Metriorhynchus

CROCODYLOMORPHS

Lizard

SNAKES, LIZARDS,
AND SPHENODONTS

DIAPSIDS
Diapsid openings

DIAPSID OPENINGS
Typical diapsid reptiles
have an upper and lower
hole in the skull behind
each eye socket. Most of
the marine diapsids lost
the lower hole in the
course of evolution.

T VAT gy

( 11-"-rm.:...,...- % :
‘ .

Diapsid reptile skull

The diapsid openings may help
reduce the stress placed on the
back of the skull during biting.

ARCHOSAURS
Antorbital fenestra

Riojasuchus skull

Eye socket

ANTORBITAL FENESTRA
Archosaurs, or the “ruling reptiles,”
are diapsids that have an opening,
called the antorbital fenestra,
between the eye socket and the
nostril. Living crocodiles have lost
this opening, while birds have it in
reduced form.

REPTILE EVOLUTION

Antorbital fenestra

Saltasaurus and
other dinosaurs
are ornithodirans.

ORNITHODIRANS

ORNITHODIRANS
Hinge-like ankle

Ankle joint

HINGE-LIKE ANKLE
Dinosaurs and their relatives
are mostly bipedal archosaurs
who share a simple, hinge-
like ankle joint. Pterosaurs
share this type of ankle and
may also be members of the
ornithodirans.

Tyrannosaurus foot bones

Many reptile key features signify improvements in catching and
biting food. The canine-like teeth that evolved in the Carboniferous
perhaps helped early reptiles grab food, while the evolution of
diapsid openings may have lightened and strengthened the skull.
The antorbital fenestra of archosaurs may have further lightened
the skull, allowing faster head strikes. Parts of the reptile cladogram
remain controversial. Experts argue over whether marine reptiles
are closest to lizards and their relatives or to archosaurs.
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AMPHIBIANS AND REPTILES

PARAREPTILES WERE A GROUP OF UNUSUAL REPTILES that . .

. . . . Conical defensive
included small lizard-like forms as well as larger animals, spikes covering
some of them bristling with spikes and armor plates. Unlike back

most other reptiles, many parareptiles lacked holes, called

Extra vertebrae

fenestrae, at the back of their skulls. These fenestrae attached to hips
helped to lighten the skulls in more advanced reptiles gﬁf:gnsifsuzfj;‘ms
such as dinosaurs. Many parareptiles appear to have weight.

been herbivorous, with blunt, peglike teeth, while others
probably ate insects and other arthropods. Probably the
most primitive group of parareptiles were the lizardlike
milleretids from Late Permian South Africa. Traditionally,
turtles — which also lack fenestrae at the back of their
skulls — have been included among the parareptiles.

Short tail did
not reach the
ground.
PROCOLOPHONIDS
The procolophonids were parareptiles that lived worldwide
from the Late Permian to the Late Triassic. They were
shaped like chunky lizards, with broad-cheeked skulls. Massive,
Their cheeks sported a stout backward-pointing spike, columnlike

though Hypsognathus, from Late Triassic North America, hindlimbs for
had several cheek spikes. Procolophon, the best-known Large eyes supporting
procolophonid, is unusual in that some species possessed suggest weight

skull fenestrae. More primitive parareptiles did not have acute vision.

these, so Procolophon must have evolved
them independently from other

reptiles. Procolophonids had
blunt, peglike teeth at the
back of their mouths, and
may have eaten tough
plants or insects.

Blunt-tipped,
short snout

Strong, robust Short, stumpy

limbs perhaps toes suited for
used for Fragmented Skull surface slow walking
digging Procolophon fossil covered in lumps

and bumps

ARMORED SKULL
Elginia was a pareiasaur — a member of a
group of Late Permian parareptiles which
grew up to 10 ft (3 m) long. Elginia was a
dwarf form, about 2 ft (60 cm) long, found
in Scotland. Its head was covered in
spikes and there were two particularly
long ones growing out of the back of
its skull. These were probably used
for display rather than combat.
Some dwarf pareiasaurs had
extensive body armor and
were strikingly turtle-like.

Robust, rounded
body probably
housed large
digestive system.

Large, thin
horn

Short legs and toes
suggest Procolophon

was not a fast runner. Cheek spikes may
have been used in

shoving matches.
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PARAREPTILES

Large, projecting cheek
flanges (platelike projections), Nasal horn
perhaps for self-defense developed in

adults
- - /

Blunt, broad snout
with broad mouth

i K Teeth were
i serrated, and

leaf-shaped in
i profile.
Large spikes growing

from lower jaw
developed with age.

PAREIASAURS

Giant pareiasaurs like Scutosaurus (“shield lizard”)were
heavily built parareptiles with massive, rounded bodies.
Their teeth were suited for biting and chewing tough
foliage, and their huge bodies probably housed enormous
abdomens to digest low-quality plant material. Scutosaurus
and its relatives were covered with bony spikes, bosses,
and horns. Some of these structures, such as the cheek
projections and nose and jaw spikes, only developed with
age and could have been used in mating displays or in
fights with rivals. The structures could also have been
defensive, as pareiasaurs would probably have been
preyed upon by large therapsids and early archosaurs.

Powerfully muscled,
sprawling forelimbs

SHIELD LIZARD

MESOSAURS f O
A sister group to the parareptiles, lf.E; ; ~
and all other reptiles, were the =05 bﬁi‘i
mesosaurs, small aquatic reptiles | o
from Permian times. They had '
elongated jaws and needlelike |
teeth that would have helped %« =
them strain small fishes and -
arthropods out of the water. )
Paddlelike tails, webbed fingers and

toes, and thickened ribs would have
helped them stay below the water

surface and maneuver when hunting.

Scientific name: Scutosaurus
Size: 8 ft (2.5 m) long
Diet: Ferns, horsetails, and other plants

Habitat: Marshes and floodplains

Where found: Eastern Europe

Time: Late Permian

Fossil mesosaurs Related genera: Sanchuanasaurus, Elginia

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

TURTLES OR CHELONIANS ARE UNIQUE REPTILES that first

. . . oy - Interior of
appe-ared in thg Triassic as sma}l amphlt?lous ' Araripemys
omnivores. During the Mesozoic, they diverged into shell
land-dwelling herbivores, freshwater omnivores and
predators, and giant, fully marine creatures with a
diet of sponges and jellyfish. Today they flourish as
more than 250 species. Although some early turtles
still had teeth on their palate, all turtles have a
distinctive toothless beak. This beak is highly
adaptable, and has been used by various turtle SHELL
. 1 . strip flesh £ STRUCTURE
species to cut plant material, strip flesh from All turtles possess
carcasses, catch fish, and bite poisonous or abrasive a shell — their most
. . . o distinctive feature.
food items hk €J euyﬁSh and Sponges. The Origins of Remarkably, the shell is a modified ribcage covered
turthS are Stlll COl’ltI'OVCI'Slal. SOIHC CXpCI’tS Say that by armor plates. Unlike any other Vertebrate, turtles
turtles are parareptﬂes and that they evolved from have modified their skeleton so that their shoulder
d £ d . Oth hink th and hip girdles are inside their ribcage. Advanced
war armpre parqasaurs.. t. ers t _ln that turtles can pull their limbs, neck, and tail inside
they are highly modified diapsid reptiles. their shell and some forms even have hinges in

their shells allowing them to shut their entire
body away from the outside world. The
earliest turtles, like Proganochelys from

Late Triassic Germany, could not draw
their neck or limbs inside their shell.

The largest
meiolaniids had
skulls more than
12 in (30 cm) wide.

Large side
horns, perhaps
used in fighting.

Nostrils high up
on the snout.

MARINE GIANT
Seagoing turtles first
evolved in the Early

Cretaceous and are just one
of many groups that developed

HORNED LAND TURTLES into giant forms. Archelon, among
The meiolaniids were an unusual group of giant the biggest of all, reached nearly 13 ft (4 m) long — twice
terrestrial turtles that lived in South America and the length of a large modern marine turtle. Turtles never

Australasia from the Cretaceous to the recent past,
and grew up to 8 ft (2.5 m) long. Large horns on
their skulls pointing sideways or backward and

grew much larger than this because they still needed to
come ashore and lay eggs, and this meant they had to be

upward meant that meiolaniids could not able to support their weight on land. In contrast to land
withdraw their heads into their shells. They also turtles, such as tortoises, some marine turtles reduced the
wielded a defensive bony club on the end of their weight of their shell and gained buoyancy by losing armor

tail tip, similar to that of the ankylosaurid
dinosaurs. One meiolaniid from Quaternary
Australia is named Ninjemys (“ninja turtle”). The

plates and developing a thick leathery covering. However,
some species then evolved defensive spikes along the

very last meiolaniids were still living on Lord Howe middle ridge of their shells, perhaps to discourage attacks
Island in the Pacific Ocean 120,000 years ago. from large predators such as mosasaurs and plesiosaurs.
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TURTLES

TWO KINDS OF TURTLES
Early in their evolution, turtles

Hind fliopers split into two groups,
shorter and depending on how they
broader than pulled their necks into their

the front ones shells. Pleurodires such as

Stupendemys and the modern

Spaces snake-necked turtles are all

between the freshwater animals, and pull their
ribs were necks in sideways. Stupendemys, from
prqbab!y South America 4 million years ago,
visible in the was the largest freshwater turtle ever,
live animal.

growing up to 6 ft 6 in (2 m) long.
Cryptodires, which pull their necks

in vertically, include tortoises,

marine turtles, and terrapins.

Male turtles have
shorter tails than
female ones.

Living relatives of
Stupendemys eat
water plants, fruit,
and fish.

Stupendemys
probably spent most
of its time in water.

Female sea turtles use
their hind paddles to
dig nests.

Archelon may have been

Archelon’s
similarities to modern
leatherback turtles
suggest its shell may
have been covered in
thick skin, rather than
armor plates.

Of five fingers in the
paddle, the third and
fourth were the longest.
Large winglike
paddles used for
underwater flight.

MESOZOIC 251-65.5 MyA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5

prey for giant mosasaurs
like Tylosaurus.

ARCHELON

Scientific name: Archelon
Size: 13 ft (4 m)

Diet: Probably jellyfish
Habitat: Warm, shallow seas
Where found: North America
Time: Late Cretaceous

Related genera: Protostega, Calcarichelys

Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

LLATE IN THE PERMIAN, THE DIAPSIDS — the reptilian Each wing was
group that includes the lizards, archosaurs, and e ones.
marine ichthyosaurs and plesiosaurs — underwent

an extraordinary burst of evolution. Evolving

from small insect-eating ancestors from the
Carboniferous, the diapsids soon produced gliders,
swimmers, and diggers. Many of these new diapsids
shared special features of the skull and skeleton,
and are grouped together as the neodiapsids (“new
diapsids”). Most early neodiapsids were small and
inhabited environments where large synapsids,
such as dinocephalians and dicynodonts, were

the dominant herbivores and carnivores. By the
beginning of the Triassic, many neodiapsids were
extinct, but choristoderes survived throughout the Back of skull raised up
Mesozoic and into the Cenozoic. Other neodiapsid into a serrated crest
groups were ancestors of the two great reptile

groups of the Mesozoic — the squamates (lizards, The back of the skull
snakes, and relatives) and the archosaurs was very broad but
(dinosaurs, birds, crocodiles, and relatives). the snout was pointed.

Claws were curved, sharp,

and good at grasping.
The back of the skull resembles .
that of lizards. This once led Sharp, conical
experts to think that lizards Youngina had a teeth were
descended from younginiforms. particularly long, suited for

narrow snout. catching insects.

COELUROSAURAVUS

YOUNGINA AND RELATIVES
The younginiforms were among the most primitive Scientific name: Coelurosauravus

neodiapsids. They were agile Permian reptiles with short Size: 2 ft (60 cm) long
necks and large openings at the back of the skull. Though
some younginiforms were aquatic, most were land dwellers.

Diet: Insects

Youngina itself was a burrowing reptile — young specimens Habitat: Open forest
have been found preserved together in a fossil burrow, Where found: Madagascar and Europe
perhaps clustered together to regulate body heat when the Time: Late Permian

weather was too hot or too cold. Thadeosaurus, a younginiform
from Madagascar, had a strikingly long tail and very long toes.
It may have been a fast runner like modern long-tailed lizards.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 Rg3si11t1
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DIVERSIFYING DIAPSIDS

The body was long
and flattened from
top to bottom.

Skin membranes
stretched across
the bony rods.

Restoration of Hovasaurus

Arms and legs show
that Hovasaurus could
also walk on land.

CHORISTODERES

The choristoderes were a group of
aquatic and land-dwelling neodiapsids
whose fossil record extends from the

Triassic to the mid-Tertiary. They evolved l#-: R,
from younginiform-like ancestors in the ) r’. 4
Permian. None were bigger than 10 ft (3 m) PPt
in length. Some, like Champsosaurus shown ’ :h!i

'; ’. '. v

here, looked superficially like river-dwelling
crocodiles, and probably hunted fish.
Shokawa from Cretaceous Japan was
long-necked, and resembled a miniature

plesiosaur. Short-snouted Lazarussuchus i Champsosaurus

was also small, but built for life on land. - had longer jaws
than any other
choristodere.

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 Mmya
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EARLY GLIDERS
The weigeltisaurids were
unusual tree-dwelling
diapsids. They glided using
skin membranes stretched
over long rods that grew from the
sides of the body. These “wings” could
be folded away when not in use. The
gliding rods of Coelurosauravus, the
best known weigeltisaurid, were at first
mistaken for a fish’s fin spines. When
they were identified as part
of Coelurosauravus, they
were thought to be
extendable ribs
like those seen
on Draco, the modern
gliding lizard of southeast Asia.
Recent studies have shown that
the wing struts of weigeltisaurids are
completely unconnected to the ribs —
they are unique features not seen
in any other animal, living or extinct.
Weigeltisaurids are rather primitive
and appear to be separate from
the neodiapsids.

LIFE IN THE WATER
Several Permian neodiapsids were

among the earliest reptiles to take to
life in the water, hunting fish and other
prey. The younginiform Hovasaurus from
Late Permian Madagascar had a deepened,
paddlelike tail for swimming. Its fossil stomach
contents show that it swallowed stones, perhaps
for use as ballast. Other swimming neodiapsids,
like Claudiosaurus, also evolved in the Late
Permian. Claudiosaurus may be a close relative
of later marine reptiles such as the plesiosaurs
and ichthyosaurs.

Vertebrae show evidence
of a swimming lifestyle.

Strong forelimb bones
could have been used
in swimming.

Neogene 23—present

CENOZOIC 65.5 MyA—present
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AMPHIBIANS AND REPTILES

LLARGE SFA LIZARDS CALLED MOSASAURS dominated the shallow
continental seas of the Cretaceous. Related to land lizards, such as
monitors and gila monsters, the earliest mosasaurs were amphibious
predators about 3 ft (1 m) in length. Later mosasaurs grew to more
than 49 ft (15 m) long and were among the most awesome marine
predators of all time. With large, conical teeth and strong jaws, they
preyed on large fish, turtles, and plesiosaurs. Some mosasaurs evolved
blunt, crushing teeth and probably ate shelled molluscs, such as
ammonites. Because of their size and specialization for life in water, it
seems unlikely that later mosasaurs could move on land, so females
probably gave birth to live young at sea.

7

F Spines suggest
-

tail would have
been deep but
narrow — like
that of a living
sea shake.

TYLOSAURUS
This giant, long-skulled mosasaur was part of a group
of mosasaurs called the russellosaurines. One of the
most distinctive features of Tylosaurus was a hard, bony
tip to its snout. 7ylosaurus may have
used this snout as a ramming weapon
for stunning prey. Some specimens
have been found with damaged
snouts, which suggests that such
behavior was likely. However, the
snout tip was not made of solid
bone, so it was probably more
fragile than it looked.

Like modern sea

creatures, tylosaurs
probably had a dark
upper surface and a
light underside.

Some mosasaurs
had small, smooth
scales. Others had
scales with ridges

Bony tip across the middle.
to snout

Mosasaurs did Monitor lizard

not just have
teeth lining
their jaws, they
also had teeth
on the bones
of their palate.

The tip of the lower
jaw was blunt and
rectangular.

Cambrian 542-488.3

MOSASAUR SENSES

Like their lizard relatives on
land, mosasaurs probably
had long forked tongues.
Their skulls show that they had the
Jacobson’s organ, a structure used by snakes
and lizards to detect scent particles in air or
water. This indicates that mosasaurs probably
used smell to hunt their prey and to detect
other members of their species. All mosasaurs
had large eyes and, probably, acute eyesight.

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299
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MOSASAURS

FLIPPERS AND FINS
Qb Mosasaurs had evolved streamlined flippers from
the arms and legs of their land-living ancestors.
Extra finger and toe bones made the flippers
longer. Mosasaurs probably moved their
long, flexible tails from side to side when
swimming, a method called
,.-"5' i, sculling, and steered with
&1 ) their flippers. Long, bony
spines on the tail
vertebrae show that
the tail was deep,
but narrow
in width.

. Skeleton of Tylosaurus )
\“ﬁ , rd

...\ \\'\ / ]

o

Mosasaurs had
mobile skull bones

) that would have
Internal spaces in the allowed them to

bones were probably swallow large prey.
filled by fat. Modern

whales also have fatty
spaces in their bones.

——— T

Its powerful tail
propelled Tylosaurus
Tylosaurus had long, winglike through the water.
flippers. Some mosasaurs had
broad, paddlelike flippers.
TYLOSAURUS
Fossil skeleton
of Boavus, an
early snake
Scientific name: Tylosaurus
Size: 36 ft (11 m) long
A LINK WITH SNAKES? D1etf Turtles, fish, other mosasaurs
The most controversial area in the study of mosasaurs is Habitat: Shallow seas
whether or not they were close relatives of snakes. Like snakes, Where found: North America, Japan
mosasaurs had long, flexible bodies, reduced limbs, and very Time: Late Cretaceous
mobile skull bones. So some experts argue thgt sgakes and early Related genera: Ectenosaurus, Platecarpus,
mosasaurs both descended from the same swimming ancestor. Plioblatecar
However, other experts argue that snakes are not related to loplatecarpus
mosasaurs and that the similarities are only superficial.

Paleogene 65.5-23

CENOZOIC 65.5 MyA—present

Neogene 23—present
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AMPHIBIANS AND REPTILES

PLACODONTS AND NOTHOSAURS

THESE TWO GROUPS OF CREATURES were marine reptiles. They were
related to plesiosaurs and formed part of a larger group called the
Sauropterygia. Placodonts and nothosaurs were largely restricted to
the warm, shallow seas of Triassic Europe, northern Africa, and Asia
and none of them were particularly large — most were around 3 ft

(1 m) long. Nothosaurs were amphibious, long-necked predators with
numerous sharp teeth. Their fossils have been found in sea rocks.

This suggests that they were sea-going creatures, but they probably Nothosaurus had tall
ted and bred land h lik d Is. Pl dont vertebral spines in
rested and bred on land, much like modern seals. Placodonts were the shoulder region.

armored sauropterygians with teeth suited for crushing shellfish.

Smaller teeth at the

Long, pointed back of the jaw

front teeth

NOTHOSAURUS

The best known nothosaur is Nothosaurus. It had a long, narrow A nothosaur’s

snout and fanglike teeth. Small teeth lined its jaws all the way to shoulder and chest

the back of the cheek region. Various species of Nothosaurus have el el
flattened plates.

been found in Europe, the Middle East, and East Asia. In the
Early Triassic, a rise in sea levels allowed Nothosaurus to invade a
shallow sea in what is now Israel. New species of Nothosaurus
evolved there, including a specialized dwarf species.

SHELLFISH DIET
Some placodonts, such as Placodus, had forward-
pointing peglike teeth. They probably used these
to pluck shellfish from the sea floor. Heavy
bones and bony armor helped placodonts stay
on the sea floor when feeding. In addition to
its front teeth, Placodus also had flattened
teeth covering much of its upper palate.
These met with similar teeth on the lower
jaw and formed a crushing apparatus
used to break open shellfish.

Upper jaw
of Placodus

Peglike teeth
stuck out of
the front of
the jaws.

The lower jaw teeth
were wide and
rounded.

Lower jaw
Flattened of Placodus
teeth for

crushing food
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PLACODONTS AND NOTHOSAURS

REPTILIAN RAYS

Placochelyids, such as this Psephoderma, were turtlelike
placodonts with long, whiplike tails, paddle-shaped
limbs, and sharply pointed snouts. Their body shape
was similar to that of rays, a group of fish that first
appeared in the Jurassic. Like rays, placochelyids
might have hidden underneath sand or gravel on
the sea floor. They probably foraged for shellfish.

Nothosaurus probably
moved its tail from side
to side when swimming.

Nothosaurus’s hips were
strongly connected to its
backbone. This was not
true of all nothosaurs.

Like more
primitive reptiles,
nothosaurs had
long, flexible tails.

T
EIARIS AL

Its fingers and
toes may have
been webbed.

Powerful limb muscles Unlike plesiosaurs,

were attached to the nothosaurs had
underside of the bodly. flexible knee and
ankle joints.

NOTHOSAURUS

HENODUS
In some placodonts, the body armor
became very extensive and formed a
shell resembling that of a turtle.
Henodus was a particularly turtlelike
placodont. It lived in a lagoonlike
sea where the water would have
been slightly salty. Living in
this kind of water is difficult
because any changes in the
salt levels are stressful to
animals. Shelled animals,
such as turtles and Henodus,
are better equipped to

cope with this stress.

Scientific name: Nothosaurus

Size: Different species ranged from
3-10 ft (1-3 m) in length.

Diet: Fish

Habitat: Shallow tropical seas
Where found: Europe, Near East
Time: Triassic

Henodus had no teeth.
It may have filtered its
food out of the water.

Related genera: Germanosaurus, Lariosaurus

299-251 Triassic 251-199.6 ‘ Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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SHORT-NECKED PLESIOSAURS

PLESIOSAURS WERE MARINE REPTILES. They belonged to the same group  Maybe piiosaurs like this
as nothosaurs and placodonts, the Sauropterygia. All plesiosaurs had ~ Simolestes were ot
four winglike flippers and many pointed teeth. They probably used like Kronosaurus.
their flippers to “fly” underwater in a similar way to marine turtles or
penguins. While many plesiosaurs had long necks and small skulls,
others, the pliosaurs, were short-necked and had
enormous skulls. The biggest pliosaurs, such as
Liopleurodon and Kronosaurus, had skulls 10 ft (3 m)
long with huge pointed teeth. It seems likely that
pliosaurs were predators that fed on other marine
reptiles. This is confirmed by long-necked plesiosaur
skeletons that bear pliosaur tooth marks.

WERE PLIOSAURS A NATURAL GROUP?
Several different pliosaur groups are known. These

SOUTHERN HEMISPHERE GIANT include rhomaleosaurs, pliosaurids, brachaucheniids
Kronosaurus was a giant pliosaur from Australia and (which may include Kronosaurus), and polycotylids. All
. > of these groups might share the same single ancestor,
South America. It is best known from the reconstructed and therefore form a clade. Alternatively, different
skeleton displayed at the Harvard Museum of pliosaurs might descend from different long-necked
Comparative Zoology in Massachusetts. This measures plesiosaur ancestors. Plesiosaur experts still argue over

43 ft (13 m) from nose to tail, with a very long body. these opposing views.

Its immense skull supports a massive bony crest. Recent
work has shown that this reconstruction is inaccurate:
there should not be a huge skull crest and the body ,

hould be shorter, meaning that Kronosaurus was The flippers were
§ > ) . w . formed of long
probably only about 30 ft (9 m) long. Pliosaurs like fingers and toes
Kronosaurus lived worldwide throughout the Jurassic with numerous

: small bones.

and Cretaceous periods.

Water leaves skull The large eyes faced slightly

through the external forward, suggesting an
nostrils. overlapping field of vision.

Water enters mouth
and flows into the
internal nostrils.

Large eye
socket

Skull of Plesiosaurus

UNDERWATER SNIFFING

Plesiosaurs’ internal nostrils — two holes on the palate — are
located farther forward than the nostrils on the outside of
the snout. This suggests that water flowed through the snout
and into the internal nostrils, where scent particles could

External nostrils

The biggest teeth were

have been detected, then out through the external nostrils. 10 in (25 cm) long but much
Plesiosaurs could therefore have “sniffed” the water they of this length was embedded
swam through, as modern sharks do, to detect prey. in the bones of the jaw.
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SHORT-NECKED PLESIOSAURS

Pliosaurs had short tails that
were probably not used for
moving around. Some fossils
suggest that there may have
been a diamond-shaped fin
at the tip of the tail.

Massive muscles gave the
fliopers a very powerful
downstroke. Perhaps while
one pair of flippers was in
the downstroke, the other
pair was in the upstroke.

PLIOSAUR STOMACH CONTENTS

This photograph shows quartz grains and a
hooklet from a squid found in a pliosaur’s
stomach. We know from their stomach contents
that pliosaurs preyed on all kinds of marine
animal, from small fish and squid to other
plesiosaurs. One pliosaur specimen even
appears to have swallowed armor plates from

a thyreophoran dinosaur. Pliosaurs may have
eaten floating dinosaur carcasses, or perhaps
they grabbed swimming dinosaurs or those that
got too close to the water’s edge.

& -

= N,

syl

= & - In pliosaurs the

o & hind pair of
flippers were larger

than the front pair.

All plesiosaurs had
belly ribs, or gastralia,
that were tightly

interlocked and helped KRONOSAURUS

to keep the body stiff.

Scientific name: Kronosaurus
Size: 30 ft (9 m) long
Diet: Marine reptiles, fish, and mollusks

Unlike terrestrial reptiles,
in plesiosaurs the bones
of the shoulder and hip Kronosaurus
girdles were located on

the underside of the body.

Habitat: Open ocean
Where found: Australia and South America
Time: Early Cretaceous

Related genus: Brachauchenius

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23
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LONG-NECKED PLESIOSAURS

. . a= E-}.:‘.‘,—.f'_...

PLATE LIZARD

Scientific name: Elasmosaurus

Size: 46 ft (14 m) long

Diet: Fish and swimming mollusks
Habitat: Shallow seas

Where found: North America

Time: Late Cretaceous

Related genera: Callawayasaurus, Libonectes

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23 Neogene 23—present
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THESE MESOZOIC MARINE REPTILES are famous for resembling sharks

or dolphins. Many ichthyosaur fossils have been found, some of which
have impressions of the skin preserved. These show that advanced
ichthyosaurs, such as Ichthyosaurus, had a triangular dorsal fin, two
pairs of paddlelike fins, and a forked, vertical tail like that of a shark.
Long, snapping jaws and conical teeth suggest that ichthyosaurs ate
fish and squid. This has been confirmed by their stomach contents.
While the smaller ichthyosaurs were only about 3 ft (1 m) long, giant

ichthyosaurs from the Triassic and early Jurassic grew to more than lehthyosaur earbones are
. . . not separated from the other
65 ft (20 m) in length, making them the second largest marine skull bones, as they are in

dolphins, so there is no reason

reptiles after pliosaur giants. Ichthyosaurs were already rare in the to think that they used sonar

Cretaceous and did not survive to the end of the Mesozoic.

SHARK—SHAPED REPTILE
Ichthyosaurus is one of the best known of all Ichthyosaurus
ichthyosaurs and many specimens have been found
in Jurassic rocks in England and Germany. Like other
members of the advanced group of ichthyosaurs
called thunnosaurs, Ichthyosaurus had a shark-shaped
body. It was a medium-sized ichthyosaur, with a slim,
pointed snout and fore flippers twice as large as its
hind flippers. Ichthyosaurus had very broad front fins
with six or more digits. Some later ichthyosaurs
had even more digits than this. Platypterygius
from the Cretaceous, for example, had
eight or more.

In all chthyosaurs the
nostril was positioned
close to the eye.

Long, slim jaws for
snapping up fish and

teeth for PR
swimming mollusks

grabbing fish

BIRTH AND BABIES

Some ichthyosaurs have been
found with the bones of babies
preserved in their abdominal
region. At first, experts thought
that these babies were stomach
contents and therefore evidence
of cannibalism. But it is now
clear that these were babies that
died before or during birth. Most
pregnant ichthyosaurs preserve
only one or two babies, though
some have as many as 11. The

This ichthyosaur fossil is Skeleton of Stenopterygius babies were bo'rn tail-first and
preserved with the babies fully able to swim.
still inside the mother.
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ICHTHYOSAURS

HOW DID ICHTHYOSAURS SWIM?
Experts argue over how exactly ichthyosaurs
swam. They probably used their forked

tails to propel them through the water.

Impressions of Stiffening fibers helped the tail base to act

;?:;g%%s‘fﬁzgf ;;va as a hinge, so that the tail could be flapped
were triangular rapidly from side to side. Their powerful
in shape. shoulders and wing-shaped flippers suggest

to some experts that ichthyosaurs flapped
their flippers and “flew” underwater.

Fossil of Stenopterygius

Preserved ichthyosaur
skin is smooth and
apparently without scales.

Skin impressions show
that ichthyosaurs had an
upper lobe to their tails.

Baby ichthyosaurs had
proportionally larger

heads and shorter
bodies than adults.

The bones at the end
of the tail grew

downward to support
the tail’s bottom lobe.

The small hind fins may
have acted as stabilizers,
helping the animal to
stay upright.

ICHTHYOSAURUS

Enormous eye with
huge bony ring

Skull of Ichthyosaurus Scientific name: Ichthyosaurus
Size: 10 ft (3 m) long
Diet: Fish and squid

BIG EYES AND DEEP DIVING
Ichthyosaurs had huge eye sockets, filled by a ring of bones called
the sclerotic ring. This helped support the massive eyeball. Their Habitat: Open ocean

large eyes suggest that ichthyosaurs used eyesight to hunt. They Where found: Europe
may have been able to hunt prey at night, in murky waters, or
in perpetually dark, deep waters. Temnodontosaurus, a Jurassic
ichthyosaur from Europe, had the largest eyes of any vertebrate
animal. Each of its eyes was 10 in (26 cm) wide.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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EARLY RULING REPTILE GROUPS

ARCHOSAURS — THE GROUP OF ANIMALS that includes crocodiles,
dinosaurs, and birds — belong to a larger group called the
archosauromorphs, or “ruling reptile forms.” During the
Permian and Triassic, several archosauromorph groups
evolved. Some, such as the prolacertiforms, were fourlegged
meat eaters that resembled long-necked lizards. Others, such
as the trilophosaurs and rhynchosaurs, were plant eaters whose
skulls and teeth were suited to slicing tough plants. All early
archosauromorphs were extinct by the end of the Triassic.

GIRAFFE-NECKED FISHER

The prolacertiform i —

Tanystropheus was among P
the most peculiar of all S
Triassic reptiles. Many

prolacertiforms had long necks,
but in Tanystropheus this was taken to an
extreme, and its neck was twice as long as

Tanystropheus had
long, slender limbs.
Its hands were
proportionally small.

its body. Tanystropheus had only about 10 Lizardlike
very long vertebrae in its neck, which body shape
suggests that its neck was not very flexible.
Most specimens of Tanystropheus are
preserved in marine rocks, so it
probably either fished from
the water’s edge or swam.
) 'r ".
o ok Tanystropheus had long
- Fracture lines in the feet and its toes may have
tail bones suggest that been webbed. It probably
Tanystropheus's tail used its feet for swimming.
could break off when
bitten by a predator.
Stout skull
with toothless
snout tip

TRILOPHOSAURS

Experts know from their skeletons that trilophosaurs were
archosauromorphs, but they are unusual because, unlike
other members of the group, they had grown new bone over
the lower of the two diapsid skull openings. Trilophosaurs
had robust skulls and toothless, beaklike snout tips. They
had broad teeth for slicing and chewing tough plants.

Lizardlike body shape

S\ \I'-'v"x:.;;l

|

| e —

I

.
Long limbs -
suited to running
and digging

All trilophosaurs were

less than 3 ft 3 in
\ (1m) in length.

-

Skeleton of Trilophosaurus =
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EARLY RULING REPTILE GROUPS

Sharp, pointed
teeth well suited
for grasping fish

Tanystropheus
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Muscles at the back
of the skull would have
given Tanystropheus

a short, snapping bite.

Young specimens show
that Tanystropheus’s neck
got proportionally longer
as it got older.

TANYSTROPHEUS

The neck was strengthened
by long neck ribs, which
grew backward and
overlapped one another.

Diet: Fish and crustaceans

.\‘u . Megalancosaurus Scientific name: Tanystropheus
AR Size: 10 fi (3 m) long
'\:_ W NG

Habitat: Shallow seas and shorelines

Where found: Europe
Time: Middle Triassic
Related genera: Macrocnemus, Tanytrachelos

HOOK-BEAKED PLANT EATER

Rhynchosaurs were Triassic archosauromorphs with barrel-
shaped bodies, short, stout legs, and a downcurved beak at the
tip of the upper jaw. They ranged from about 1ft to 6 ft 6 in

(30 cm to 2 m) in length. The skull of a rhynchosaur such as
Scaphonyx shows that when its mouth was shut, the lower jaw
slotted into grooves in the upper jaw. The jaws and their rows of
blunt, rounded teeth show that rhynchosaurs ate tough plants.

Pointed hook

TINY TREE-DWELLERS

One group of prolacertiforms, the megalancosaurs, probably
lived in the trees. They were small — less than 1 ft (30 cm)
long — and, like living chameleons, had pincerlike hands and
tails that could grasp branches. Megalancosaurs had long,
slender necks and pointed skulls. Their small, pointed teeth
suggest that these reptiles ate insects. Strangely, they had Skull of Scaphonyx
a pointed hook at the tip of their tails.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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AMPHIBIANS AND REPTILES

EARLY CROCODILE-GROUP REPTILES

ARCHOSAURS AROSE IN THE LATE PERMIAN and, during the Triassic Period,
diversified into crocodylomorphs, pterosaurs, dinosaurs, and their
relatives. Early on, archosaurs split into two clades, both of which have
living representatives. Ornithodirans included pterosaurs, dinosaurs,
and birds. Crocodylotarsians, the crocodile-group reptiles, included
extinct groups and crocodiles’ ancestors. Unlike dinosaurs and their
relatives, crocodile-group reptiles had ankle joints that allowed them to

twist their feet to the side when walking. These joints gave Two rows of
crocodylotarsians their name, which means “crocodile ankle.” In the ot
Triassic, amphibious, long-jawed crocodylotarsians called phytosaurs the spine.
dominated waterways, while, on land, predatory rauisuchians and \

plant-eating aetosaurs were important. Yet, despite their
success, all crocodylotarsians except

crocodylomorphs became extinct at the end
of the Triassic.

‘;'.‘:.?. &
Large muscles

--L;Fi,tf ! l.I' r
w_g 'S
connected the tail

‘f&"j; DEEP—SKULLED GIANTS to the thigh bone.
Many crocodile-group reptiles
were large, land-living predators,
called rauisuchians. They had long limbs
and deep skulls with long, serrated teeth. Some
were huge, reaching lengths of up to 33 ft (10 m).
Prestosuchus, shown here, was a rauisuchian from

N . - . . . . The short fifth
Triassic Brazil. Similar rauisuchians lived in Europe, toe was turned
Argentina, and elsewhere. Prestosuchus reached backwards

about 16 ft (5 m) in length and had a distinctive
downward bend at the tip of its snout.

Side view of Front view
rauisuchian of hip joint M
hip joint /J' ‘\
f ium — % \* D
] J\
HOW RAUISUCHIANS WALKED Pubic / { fi f'f‘ \ | l,'" "
Rauisuchians’ limbs were positioned directly bone I W
underneath their bodies, perhaps enabling i 1 k { 1 18 ,
them to run faster. This evolved in a different F & \ \1 | | (1 l |
way from dinosaurs and their relatives. In Wy {1 | " ' | 'U
_dlnosaurs, the top of 'the thigh bone'was turned / \ Thigh \ ‘_.‘\ Thigh bone | v \
inward to meet the hip socket, allowing an bones N directly / . \
erect posture. But rauisuchian thigh bones did \. under hip / _ i
not have an inturned head, so they supported { \ \\ \ / Pubic ',
the hips from directly underneath. - \ [ Cad bone .‘
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EARLY CROCODILE-GROUP REPTILES

ARMORED PLANT-EATERS

Aetosaurs were large crocodile-group

reptiles related to rauisuchians. Their leaf-
shaped teeth suggest that they were plant-
eaters, and their blunt upturned snouts could
have been used to dig up roots. Aetosaurs had many
large armor plates covering the whole upper surface
of their bodies and encasing their tails and bellies.
Some aetosaurs, such as Desmatosuchus, also had large
spikes or horns growing from the sides of their bodies.

Desmatosuchus was
about 10 ft (3 m) long.

Short, fairly
straight neck

Backward curving,
serrated teeth

Prestosuchus

Powerful leg

bones suggest that
Prestosuchus could
run at high speeds.

PRESTOSUCHUS

The nostrils were
situated on a bump
in front of the eyes.

N

Long, powerful

jaws with shar ..
! P Scientific name: Prestosuchus

pointed teeth
Size: 16 ft (5 m) long
CROCODILE MIMICS Diet: Large vertebrates such as dicynodonts,
Phytosaurs such as this Machaeroprosopus were amphibious Late cynodonts, and rhynchosaurs
Triassic crocodylotarsians. Although they looked like modern Habitat: Scrubland, open woodland
crocodiles, phytosaurs were in fact among the most primitive of Where found: Brazil

crocodylotarsians and evolved long before crocodiles. The name
phytosaur, meaning “plant reptile,” is very misleading — their
sharp, pointed teeth and snapping jaws clearly show that
phytosaurs were predators.

Time: Late Triassic

Related genera: Sawrosuchus, Ticinosuchus

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

APART FROM BIRDS, CROCODYLOMORPHS are the last survivors of the archosaurs Limbs designed
or “ruling reptiles” — the group to which the dinosaurs belonged. They evolved  to steerand
at about the same time as the dinosaurs and for most of their 200-million-year
history crocodylomorphs have been large, long-bodied, aquatic carnivores.
Armor-plating in the form of bony scutes set in their hides, deep tails, short,
strong limbs, and powerful, sharp-toothed jaws made them formidable
predators. Lying loglike in a lake or river, they seized passing fish
or ambushed large creatures coming for a drink. In the
Age of Dinosaurs, when climates everywhere
were warm, these cold-blooded
creatures spread throughout
the world. Some became
suited for life on land,
others for life at sea.
Some were fast runners,
no bigger than a dog,
but one monster,
Deinosuchus, was
as heavy as an
elephant and

as long as

t H Forelimbs
a tennis shaped like
court hydrofoils
is wide.

Skull broader
behind the eyes
than in front

Male has a knob at the
SEA BEAST tip of his slender snout

Metriorhynchus was a
seagoing crocodylomorph
from the Mesozoic. Its webbed
toes and fingers formed paddles

for efficient swimming, and its jaws
bristled with razor-sharp teeth for
seizing slippery fishes and prehistoric
relatives of squid. Lacking the heavy

Slender
Jjaws

Small but
sharp teeth

armor typical of other crocodylomorphs SLENDER-JAWED FISH EATER
7 Metriorhynchus was quite light and flexible. Gharials, also known as gavials, are large, living
o1 probably lay with its nostrils above water, crocodylomorphs. Their long, slender jaws armed

with small but sharp teeth are ideal for catching fish.
With relatively weak legs they are poor walkers and
seldom venture far from water. Gharials now live

ready to launch an attack, and hunted by
making sudden rushes after slowly swimming

up on unSUSpecting prey or Waiting in ambush. only in the north of the Indian subcontinent, but
From time to time, it would have hauled itself their genus, Gavialis, goes back 50 million years
ashore to lay eggs on sandbanks and perhaps and was once spread throughout Africa, Asia,

to bask in the warm sun and North and South America.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA

92



lived to an age
of about 50 years
old, growing

/ Deinosuchus
A

throughout its life.

CROCODILIANS

TERROR OF THE DINOSAURS
Deinosuchus (“terrible crocodile”) was an early
alligator and may have been the largest
crocodylomorph that ever lived. Up to five times
larger than today’s species, this Late Cretaceous
giant from North America grew to 33 ft (10 m) in
length and weighed 5 tons (5 tonnes). Lying near
the water’s edge, Deinosuchus probably lunged to
seize large prey, such as duck-billed dinosaurs,
before spinning them over and over in the water

to tear off great lumps of flesh. Like modern
crocodiles, Deinosuchus is thought to have swallowed
stones which served as ballast in the water.

Downturned
tail

Tail lashed from
side to side to
swim forward

Hind limbs
much longer

Relatively broad, than front limbs

short head

LIGHTWEIGHT LANDLUBBER
Protosuchus (“first crocodile”) from
Early Jurassic Arizona was one of the
earliest land-based crocodylomorphs.
About 3 ft (1 m) in length, this agile hunter

could run semi-upright on its long hind legs and was
able to catch speedy lizards and mammals. Its agility on
land is still shown by modern crocodiles, which can lift
their bodies off the ground to walk briskly. Protosuchus
had short jaws that broadened out at the base of the
skull to maximize the surface to which muscles could
attach. This gave it a powerful bite. When its jaws
clamped shut, the pointed canine teeth on its lower jaw
slotted into sockets in the upper jaw to lock the bite.

MESOZOIC 251-65.5 MyA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

Tail protected
by two rows of
armored plates

METRIORHYNCHUS

Scientific name: Metriorhynchus

Size: 10 ft (3 m) long

Diet: Fish

Habitat: Seas

Where found: Europe and South America
Time: Mid-Jurassic to Cretaceous

Related genera: Geosaurus, Pelagosaurus
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AMPHIBIANS AND REPTILES

PTrROSAURS WERE FLYING ARCHOSAURS that may have been closely related
to dinosaurs. A pterosaur’s wings were made of a large skin membrane
that stretched from the end of its incredibly long fourth finger to its
body and back legs. This wing membrane was reinforced
with stiffening fibers and muscles. Exceptional fossils
show that some pterosaurs had furry bodies and
may have been warm-blooded, like modern
day birds and mammals. Early toothed
pterosaurs from the Triassic and

Jurassic differ from later pterosaurs in
having long tails, unfused bones in their "" wﬁ
backs, and relatively short bones in their
wrists. Most early pterosaurs were small \-:.\..4:1..1. _
compared to later types, and none had
a wingspan of more than 10 ft (3 m). '

Fossil skeleton
of Dimorphodon

Like birds, all

PRIMITIVE PTEROSAURS pterosaurs probably

. S had beaks.
The earliest pterosaurs are from the Triassic.
Though they are primitive compared to later
forms, having shorter wing bones for example,
they are still true pterosaurs. One possible
“proto-pterosaur” has been found — a Russian Dimorphodon
fossil called Sharovipteryx. While clearly not a
pterosaur, it shares many features in common
with them. Dimorphodon, shown here, was
an Early Jurassic pterosaur, notable for its
enormous skull and differently sized teeth. The
teeth at the front of its skull were much larger
and more pointed than the others, while the
teeth at the back of its lower jaw were tiny.

ANUROGNATHIDS

One early pterosaur group, the
anurognathids, had short tails like
advanced pterosaurs, but still had
the short wrist bones and other
features of early pterosaurs.
Anurognathids had short, tall skulls,
sharply pointed teeth and long, slim
wings. These features suggest that
they were fastflying predators
that fed on insects.

Anurognathus
snapped up insects
in its huge beak.
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EARLY PTEROSAURS

BIRDLIKE SKULL
Sophisticated flight requires good vision and a well-developed
sense of balance. All pterosaur skulls have huge eye sockets,
showing that their eyes were large and their eyesight was
probably excellent. Some pterosaur skulls have internal casts
of their brains preserved. These show that the parts of the
brain responsible for sight and control of movement
were well-developed and similar to the same parts
of the brain in modern birds.

Experts disagree
about whether
pterosaur wing
membranes were
connected to the
whole leg or just
to the thigh region.

The wing finger was
made of four long,

The bones in rodlike bones.

Dimorphodon’s flexible
neck were lightened
by air-filled sacs.

FISH GRABBERS

This fossilized skeleton of the Jurassic pterosaur
Rhamphorhynchus was found in Germany with skin
impressions and the wing membranes preserved.
These show that it had a throat pouch and

a diamond-shaped structure on the end of its

tail. Rhamphorhynchus had a beak with several
prominent, forward-pointing teeth at the tips of
both upper and lower jaws. This would have allowed

Dimorphodon’s it to snatch fish from the surface of the water.
long tail was

stiffened by

bony rods. DIMORPHODON

><

Sharp hand claws Scientific name: Dimorphodon

and a grasping Size: Wingspan 4-8 ft (1.2-2.5 m)
fifth toe show that

Dimorphodon was
probagly good Habitat: Seashores, riverside woodland

at climbing. Where found: Europe and North America
Time: Early Jurassic

Diet: Fish, insects, and small land animals

Related genus: Peteinosaurus

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23
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AMPHIBIANS AND REPTILES

DIMORPHODON

Remains of Dimorphodon and related pterosaurs
have been found in both seafloor and riverside
environments, so they may have lived in a variety
of different habitats. Dimorphodon and its relations
were probably opportunistic predators who preyed
on a wide variety of small animals. They may have
eaten insects, caught lizards and other small
reptiles, and captured fish and crustaceans from
rivers or the sea. Experts do not know whether
pterosaurs like Dimorphodon caught their prey
while aloft, or while standing on all fours.

S = gl B
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EARLY PTEROSAURS
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ADVANCED PTEROSAURS

PTERODACTYLOIDS WERE ADVANCED PTEROSAURS —
that first evolved in the Late Jurassic. As Wing bones of /

. . J . Rhamphorhynchus ~ W_INGS AND WRISTS
earlier kinds of pterosaurs became extinct, e The main part of the pterosaur

wing skeleton was an elongated fourth
finger, composed of four bones. A bone
called the pteroid, unique to pterosaurs,
pointed forward and inward from the front
of the wrist joint. It supported an extra wing
membrane called the propatagium. This stretched
from the wrist to the shoulder and would have been
used to help control the flow of air over the wing.

they came to dominate the Cretaceous skies.
Some pterodactyloids were toothless, while
some had hundreds of bristlelike teeth.
Other pterodactyloids had huge interlocking
teeth for grabbing fish, while a group called
dsungaripterids had blunt teeth, perhaps
used for crushing shellfish. Only one or
two species of pterodactyloid were left by
the end of the Cretaceous. These were the - .

eranodon ingens had
last of the pterosaurs. Pterosaurs may have a long, backward-pointing,
declined because newly evolving waterbirds triangular crest.
took over their habitats.

WINGS AND NO TEETH
Pteranodon, meaning “wings and
no teeth,” is one of the most
famous pterosaurs. Until
Quetzalcoatlus was
described in 1975, Pteranodon
was the largest pterosaur known. It had

a large headcrest, and the shape of its
lower jaw suggests that Pteranodon had a
pouch under its bill, something like that
of a pelican. Several species of Pteranodon
have been identified, all of them found
in North America.

One Pteranodon fossil
had fish bones preserved
where its throat pouch
would have been.

Female MALES AND FEMALES
Different specimens of
Pteranodon have differently
shaped head crests.
Some have a large, very
prominent crest — others
a small crest. These two kinds
have been found together, so it
seems that they are males and
females of the same species.
The males are probably the
ones with the bigger crests.
They probably used their
crests to impress females
and intimidate other males.

Pterodaustro probably
waded on all fours
when feeding.

PTERODAUSTRO

Some pterodactyloids had
long jaws and hundreds of
slim teeth. The best example
is Pterodaustro from Early
Cretaceous South America.

Its jaws curved upward and

its lower jaws were filled with
about 1,000 straight, bristlelike
teeth. It probably strained beak-
fuls of water through these
teeth, leaving plankton
trapped in its mouth.
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ADVANCED PTEROSAURS

Anhanguera
- Tropeognathus =
Wing bone K ) == il
; - . Gnathosaurus

The wing membrane was L
stiffened by many thin
rods called aktinofibrils.

Pteranodon had a
wingspan of up to
30 ft (9 m).

CRESTS AND THEIR FUNCTIONS
Pteranodon ingens Many pterodactyloids had crests on their skulls, and sometimes
on their lower jaws as well. These crests may have been used
in courtship displays or as rudders or stabilizers during flight.
Some exceptional fossils from Brazil and Germany reveal soft-
) tissue extensions of the bony crests. These show that, in life,
5522?%7&?5 %:d the outline of a pterodactyloid’s crest would have looked
weak muscles. dramatically different from the shape of its skull.

.
= Unlike earlier pterosaurs,
pterodactyloids had a
short fifth toe.
o
=

PTERANODON

Quetzalcoatlus

in flight
Scientific name: Pteranodon
GLIDING GIANTS Sx.ze: Wlngspan 23-30 ft (7-9 m)
Azhdarchids had long, toothless beaks, long necks, and immense Diet: Fish . -
wingspans. Quelzalcoatlus, the best known azhdarchid, had Habitat: Shallow intercontinental seas
a wingspan of 36 ft (11 m). It was originally suggested that Where found: North America
azhdarchids were vulturelike scavengers. This now seems unlikely, Time: Late Cretaceous

given the shape of their beaks and the restricted movement in
their necks. They probably ate fish and other animals that they
picked up from the surface of the water or from the ground.

Related genera: Ornithostoma, Nyctosaurus

Neogene 23—present

MESOZOIC 251-65.5 mya CENOZOIC 65.5 MyA—present
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Dinosaurs and Birds

A bee-sized hummingbird seems worlds apart
from a dinosaur as heavy as a whale. Yet birds
almost certainly evolved from feathered dinosaurs.
This section brings to life those ancient reptiles
that between them dominated life on land for an
astonishing 160 million years. Realistic models,
many shown in prehistoric settings, reveal
dinosaurs’ likely shapes, colors, and weaponry.
The fantastic range includes armor-plated
herbivores and theropods with jaws big enough

to swallow people whole, had people existed. Read
on to discover how small theropods gave rise to
birds with teeth and claws, and how these clumsy

flyers evolved into today’s aerial acrobats.
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DINOSAURS AND BIRDS

DINOSAURS DEFINED

THE MESOZOIC AGE 1S OFTEN CALLED the “Age of the OINOSAUR STANGE
X v = ne of the keys to dinosaur success
Dinosaurs,” because for more than 150 million years, a was their upright posture. Most
single, extremely diverse group of reptiles dominated r?é)tﬂefs ;Pf_anl V(‘il_th tge”(;,egs at the
. . side of their bodies, but dinosaurs
life on land. The ﬁrs.t dinosaurs were probably two- carried their limbs directly below
legged hunters no bigger than a dog, but they soon their bodies, just like modern
evolved into a huge variety of shapes and sizes, and mammals, so their weight was
. carried straight down. Since they

spread around the world. In time, they came to range did not have to use large amounts
from giants as heavy as a great whale to little birdlike of energy just to keep their bodies

off the ground, dinosaurs were free

beasts no bigger than a hen. No individual dinosaur to develop more active lifestyles.

species lasted longer than a few million years, but

new species always arose to take their place — maybe as ,’irae,ff,,fﬁ: ‘;f,,;”
many as 1,000 genera of dinosaur lived at some time dinosaurs
between 230 million and 65 million years ago.

Sprawling posture /

Dinosaur skulls lack of most reptiles

a postfrontal bone.

Almost all dinosaurs have

. . . three or more sacral
Allosaurus, a lizard-hipped dinosaur vertebrae (vertebrae

linked to hip girdle). \

pod
— WV VY

humerus (upper
arm bone)

Ridge above
acetabulum (hole in
hipbones) rests on

Fourth finger head of femur.

(where present)
had three or
fewer bones.

Fully open
acetabulum to
receive femur

WHAT MAKES A DINOSAUR? Fermur (thighbone)
Paleontologists can tell a dinosaur apart from other has a ball-shaped
kinds of fossil animal by details in the bones of its skull, head tumed
upper arms, hips, thighs, shins, and ankles. We know that ;?,-;’gg%égsa nto
dinosaurs walked with limbs erect and on their toes, not

flat-footed like bears. Without living specimens to study, we

cannot know for sure just how their bodies worked, but

such active animals were almost certainly warm-blooded.

Small kinds probably generated internal heat as birds and

mammals do. Large ones were simply too big to cool down

at night. Neither kind grew sluggish in the cold like

ordinary reptiles, so dinosaurs were always ready to hunt for

food or find a mate.

Cnemial crest
(ridge) on tibia

102



DINOSAURS

DEFINED

Hypsilophodon’s backward-
sloping pubis had a forward
extension, the prepubis.

Prepubis

BIRD-HIPPED

All dinosaurs belonged
to one of two groups —
saurischians (“lizard-hipped”),
and ornithischians (“bird-
hipped”). Ornithischians had
backward-pointing pubic hipbones
similar to a bird’s. They were all plant-
eaters, and divided into three main
groups. Thyreophorans were four-
footed armored and plated dinosaurs,
marginocephalians had heads with
bony frills or horns, and ornithopods

were two-legged herbivores. Pubis

Hipbones of Scelidosaurus,
an ornithischian

]

Astragulus (an
ankle bone) has
an upward
projection.

LIZARD-HIPPED
Most saurischian
dinosaurs had a pair of
pubic hipbones angled
forward like a lizard’s, but

in some these pointed back.
These dinosaurs included the
often huge sauropodomorphs

tended to have long necks, long
hands with big thumb claws

Hypsilophodon, an ornithischian

(four-legged herbivores), and the
theropods, mostly carnivores. All

angled outward, and long second
fingers. Theropod saurischians, not
ornithischians, gave rise to birds.

Edmontosaurus skull

Predentary bone

ORNITHISCHIAN SKULLS
Backward-sloping pubic bones were not unique to
ornithischians, but all these dinosaurs did share a
distinctive lower jaw, tipped with an extra bone
called the predentary bone. In most ornithischians,
this formed the lower half of a toothless, horn-
sheathed beak for cropping leafy plants. Further
back, inside the jaws, were cheek teeth for cutting
up and chewing vegetation. In most ornithischians,
these were typically leaf-shaped.

Pubis of Plateosaurus, a
saurischian
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DINOSAURS AND BIRDS

SAURISCHIANS CLADOGRAM

THE “LIZARD-HIPPED” DINOSAURS CALLED saurischians were one of the
two great groups of dinosaurs. Key saurischian features include an
elongated neck, a long second finger, and cavities in the bones that
housed air-filled sacs connected to the lungs. Primitive saurischians
had a pubic bone that pointed forward, as in other amniotes. This
was a primitive feature inherited from the early dinosaur ancestors

of saurischians. The saurischians included groups specialized for

both herbivorous and carnivorous lifestyles. Saurischians survived

the extinction event at the end of the Cretaceous in the form of birds.

Dilophosaurus
from the Jurassic

Cretaceous sauropod
Brachiosaurus

A number of features in CERATOSAURS

sauropod bodies show
that they had ancestors
with grasping hands.

SAUROPODOMORPHS
THEROPODS
Three-toed foot
THREE-TOED FOOT
Theropods had three weight-
SAURISCHIANS p &
Graspine hand Plateosaurus bearing toes on the foot, as
ping hand the first toe did not reach the
ground. The middle toe — the
longest digit — bore most of
the body’s weight. Primitive
GRASPING HAND theropods called
All saurischian dinosaurs f\ L ' ceratosaurs thrived
originally had a grasping ? " ol in the Triassic.
hand with an opposed AECTAA N
thumb and an elongated e LW N
secqnd finger. S'aurlschlans A a‘\:\ First toe
fell into two main groups — ! \\
the sauropodomorphs R
and the theropods. N !

Allosaurus foot

Allosaurus from
the Jurassic

ALLOSAURS

TETANURANS
Three-fingered hand

THREE-FINGERED HAND

Tetanurans are united by
the presence of a three-
fingered hand. Primitive
tetanurans included
spinosaurs, megalosaurs,
and allosaurs. They were
the dominant terrestrial
predators in most Jurassic
and Cretaceous ecosystems.
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SAURISCHIANS CLADOGRAM

Gallimimus from
the Cretaceous

4

ORNITHOMIMOSAURS

COELUROSAURS
Relatively long arms

RELATIVELY LONG ARMS
The coelurosaurs evolved early
in the Jurassic, and eventually
became the most successful
theropods. Recent studies
show that tyrannosaurs were
coelurosaurs whose forelimbs
had become dramatically
reduced in length.

- -“’—*‘H‘WWFJ;L P

Iy

W) “ﬁr!-f'k‘l. E"‘E

4
Ornithomimus
skeleton

Ornithomimosaurs like
Gallimimus were long-
legged coelurosaurs
with large eyes.

J}F{.‘—;‘-;,

4
r4
e

7

Velociraptor, a kind
of maniraptoran,
from the Cretaceous

MANIRAPTORANS

e al

\ Maniraptorans such as
this dromaeosaur were
birdlike predators that
had flexible hands and
feet, and sharp claws.

MANIRAPTORANS
Half-moon-shaped
bone in wrist

HALF-MOON-SHAPED
BONE IN WRIST

This unusual wrist bone
allowed maniraptorans to
swivel their hands quickly,
bringing fingers and claws
into contact with prey. This
action probably evolved
in predatory forms, but it
was retained by birds and
modified for use in flight.

Half-moon-shaped
bone

Deinonychus

hand

SAURISCHIAN EVOLUTION

The flexible hands and air-filled bones of saurischian
dinosaurs enabled them to become swift, efficient
killers. Early theropods, such as the ceratosaurs, had
more flexible bodies and tails than later saurischians.
Tetanurans evolved stiffer tails, which may have helped
them change direction when running. In coelurosaurs,
key thigh muscles became attached to the hips, rather
than to the tail, which became shorter and lighter.
Feathers evolved in coelurosaurs, perhaps to keep their
owners warm. Enlarged feathers on the hands and arms
helped maniraptorans control their direction as they
leapt, which may have been how bird flight originated.
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EARLY THEROPODS

FossiLs FrROM ARGENTINA AND BRAZIL show that some of the
earliest dinosaurs were two-legged, sharp-toothed, sharp-
clawed saurischian (“lizard-hipped”) hunters. Three such
dinosaurs lived in South America about 228 million years
ago. Their bones show a mixture of old-fashioned and
advanced designs, but all three share features with theropods, ouble-

. . hinged jaws
the group all other known meat-eating dinosaurs belong to. grioped
When these creatures lived, dinosaurs seem to have been struggling prey.
small and fairly uncommon creatures. Recent finds in Brazil
and Madagascar hinted at even earlier saurischians, though —
small plant-eating prosauropods. Another very early
herbivore was Pisanosaurus, an ornithischian
(“bird-hipped”) dinosaur from Argentina.

Double-

Shoulder joint

- il ks

FIRST SAURISCHIAN ,
Eoraptor lived about 228 million years ago in Argentina. The HERRERA S LIZARD

near-complete skeleton was discovered in 1991, revealing that Herrerasaurus was a large-jawed theropod that
FEoraptorwas only 3 ft 3 in (1 m) long, and weighedjust 24 1b could grow longer than a family car and as heavy
(11 kg). A small but fierce long-legged hunter, it had a lower as a pony. It lived about 228 million years ago

snout and shorter grasping hands than its neighbor . .
Herrerasaurus. Eoraptor would have looked somewhat like a in what are now the foothills of the Andes.

miniature, lightly built version of later theropods, yet it had Herrerasaurus was one of the largest hunters of
many more primitive features. For instance, it had more its day, only smaller than land-based relatives of
fingers, weaker claws, and fewer vertebrae supporting the hips. crocodilians, such as Saurosuchus. Its likely prey

It probably hunted lizards and small mammal-like creatures. included the rhynchosaur Scaphonyx and the small

plant-eating ornithischian dinosaur Pisanosaurus.
Running on its long hind legs, it could easily have
overtaken slower-moving, four-legged prey.

Leaflike teeth,
similar to those in
prosauropods

HERRERA’S LIZARD

Sharp
curved Scientific name: Herrerasaurus

tce“;;L”Q Size: Up to 17 ft (5 m) long
Diet: Meat
Habitat: Riverside woodland
Where found: South America (Argentina)
Time: Late Triassic

Related genera: Chindesaurus, Staurikosaurus

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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EARLY THEROPODS

Elongated tail to

balance front of body Skin was probably

scaly.

Long head and jaws

Sturdy thighs

S AY PR DR Hri"

ai‘#m 4! ;f,,;li;
: SOUTHERN CROSS LIZARD

Staurikosaurus was a small, early
theropod from Brazil, named
after the constellation of the
Southern Cross. The lightly built
two-legged hunter was around 6 ft 6
in (2 m) long, but no heavier than a nine-
year-old child at 66 1b (30 kg). Not all of its
skeleton is known, but like its larger relative
Herrerasaurus, Staurikosaurus had a slim,
curved neck, and long, slender legs. It
probably also had a fourfingered hand,
and maybe five-toed feet — though probably
Long weight- only three toes on each foot were long
bearing toes enough to bear its weight.

Only three fingers
bore claws.

Long, slender toes Strong claws

Bones forming
hip girdle HERRERASAURUS SKELETON
The first Herrerasaurus bones were
discovered by an Argentinian goatherd in
the 1960s, but only fragments were known
until 1988. Then scientists working in the
Valley of the Moon, a desert region in the
Skull foothills of the Andes Mountains, found
lightened by near-complete specimen. This showed
large holes that Herrerasaurus had sharp, saw-edged
teeth in a long, low head, with double-
hinged jaws to help it get a good grip on
struggling prey. Its arms were short but
the hands were long, and its three longest

fingers were tipped with strong, curved,
Tibia and fibula cutting claws.
(lower leg bones)

Phalanges
- - ‘/ (toe bones)
h -

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
- MESOZOIC 251-65.5 myA CENOZOIC 65.5 myAa—present

Caudal
vertebrae -

Neogene 23—present
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HORNED LIZARDS

Horns or BumPs ON THEIR HEADS earned some
meat-eating dinosaurs the name ceratosaurs
(“horned lizards”). At least 30 species are known
— the largest grew 23 ft (7 m) long and weighed
more than a ton, while the smallest was no
bigger than a dog. Horns were not unique

to ceratosaurs, and not all ceratosaurs were
actually horned, but all shared certain skeletal
features. They also kept primitive features that
other theropods lost — for instance, each hand
had four digits (not three). Ceratosaurs spread
worldwide and lasted nearly right through the
Age of Dinosaurs. Early on, they were the main
predatory dinosaurs, but later they seem to have
petered out in northern continents as deadlier
tetanuran (“stiff-tailed”) killers took their place.

Dueling Ceratosaurus
males

CERATOSAURUS

Ceratosaurus was one of the biggest ceratosaurs,

found in Late Jurassic North America and Tanzania.
Long, It had a large, deep head with a blade-like horn over
flexible tail its nose, two hornlets on its brows, and great curved

fangs. The arms were short but strong, with sharply

hooked claws. Ceratosaurus probably hunted

ornithopods such as Camptosaurus, and the sick

and young of large four-legged plant-eaters

such as Stegosaurus and Diplodocus. The

horns might have been used for

intimidation by rival males.

Reconstructed Coelophysis

Elongated neck

Long, narrow jaws
with sharp, curved
teeth

Primitive four-
fingered hand
Remains of a
swallowed baby
Coelophysis — this
dinosaur was a
cannibal.

HOLLOW FORM

Coelophysis (“hollow form”) was a slim
theropod as long as a small car but as
light as an eight-year-old child. With a
head like a stork’s, a long, curved neck,
and slender legs it resembled a long-legged
bird — but unlike living birds Coelophysis had
teeth, clawed hands, and a long, bony tail. One of the
earliest-known ceratosaurs, it roamed Arizona and New
Mexico in the Late Triassic, about 225 million years ago.
Coelophysis probably snapped up lizards and small mammals,
and may have hunted in packs to bring down larger prey. Coelophysis skeleton

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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HORNED LIZARDS

TWO-RIDGE LIZARD
Dilophosaurus (“two-ridge lizard”) was
a large, lithely built ceratosaur with
a pair of wafer-thin crests that
were probably used for display.
Possibly nodding his head up
and down while standing
side-on to a rival would have
made any male look bigger,
taller, and more dangerous
than he actually was. This might
have attracted females and
scared off smaller rivals,
allowing a male Dilophosaurus
to win the right to mate
with the females without
a potentially damaging
fight. Remains believed
to be from Dilophosaurus
have been found as

far apart as Arizona

and China.

299-251

Paired fragile,

bony crests Long, slender
tail

Long, agile
legs and feet

Slender teeth

Long,
muscular
curved neck

Dilophosaurus skull

I'WO-RIDGE LIZARD

LIGHTWEIGHT SKULL Scientific name: Dilophosaurus
Like Coelophysis, Dilophosaurus had a kinked upper jaw with Size: 19 ft 6 in (6 m) long
a gap between front and back teeth. However, scientists Diet: Meat and maybe fish
believe the two were not closely relatffd. _Dz'lo;bhos'aqms was Habitat: Scrub and maybe lake shore
much larger, and lived in Early Jurassic times, millions of - :

s . o Where found: North America, China
years after the Late Triassic Coelophysis. Dilophosaurus’s twin . -
ridges stick up side by side from its head like two halves of Time: Early Jurassic
a dinner plate stood upright — they are far too delicate to Related genus: Cryolophosaurus
have been used as weapons.

Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 Mmya CENOZOIC 65.5 MmyA—present

Neogene 23—present
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ABEL’S LIZARDS

IN 1985 ARGENTINIAN PALEONTOLOGISTS
José Bonaparte and Fernando Novas
named a large carnivorous dinosaur
with a skull unlike any discovered
before. They called it Abelisaurus
(“Abel’s lizard”) after Roberto Abel,
the museum director who discovered it.
Similarities with Ceratosaurus made the
scientists believe it belonged to a
previously unknown group of ceratosaurs
(“horned lizards”), which they called the abelisaurids.
Abelisaurids’ unusual features included a short, steep
snout with thickened bone or horns above the eyes.
Soon, more members of the group came to light,
including Xenotarsosaurus from South America,
Majungatholus from Madagascar, Indosaurus and

Indosuchus from India, and perhaps others from Europe.

Most were large meat-eaters — they must have terrorized
the plant-eating dinosaurs of
southern continents in
Cretaceous times.

Short, thick
stubby horns

Eyes see sideways
and forward

Nostrils on short,
deep snout

HORNED HEAD

A victim’s view of Carnotaurus

shows how its small eyes faced

partly forward, perhaps helping

to focus on its prey. Above the

eyes, two short, pointed horns

stuck out sideways and upward.
Scientists are unsure what the horns
were for — they are too short to kill,
but perhaps they were used by males
to display to females or threaten rival
males. Perhaps a big male would bob its
head up and down to scare smaller rivals
away, or maybe rival males stood side by
side with lowered heads, butting each
other in the head or neck.

Slender

Cambrian 542-488.3

lower jaw

Lower jaw
slender
compared to
deep head

Very short, stubby
arms and hands

MEAT-EATING BULL

By far the weirdest looking abelisaurid was
Carnotaurus (“meat-eating bull”) from
Late Cretaceous Argentina. Carnotaurus
grew up to 25 ft (7.6 m) long, and had a
very short, deep head with horns like a
bull’s. Other key features included tiny,
useless-looking arms and long, slim legs.
Perhaps Carnotaurus hunted by attacking
young sauropods or medium-sized
ornithopods headfirst, or scavenging from
those it found already dead. Carnotaurus
left behind detailed fossil skin impressions
showing that it had large, bluntly pointed
scales running in rows along its back and
sides. The body’s skin was also covered by
a mass of disc-shaped scales — perhaps all
big theropods had scaly skins like this.

Teeth rather
long and
delicate

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MyA
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ABEL’S LIZARDS

Body balanced
above the hips

Rows of large, blunt scales

Very powerful
thighs

Strong shins

Tiny hallux
High ankle (big toe)

joint

Large, weight-

bearing toes Upper foot with

elongated bones

MESOZOIC 251-65.5 myA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

Carnotaurus jawbones

PUZZLING JAWLINE
The lower jaw of Carnotaurus is another mystery of this unusual
theropod. In contrast to the massive head, it is slender and
delicate, and its teeth seem too lightly built to cope with
big, struggling prey. This is more evidence that
Carnotaurus might have scavenged or had
a unique hunting strategy.

Skull of Majungatholus

MAJUNGA DOME
Another large abelisaurid
was Majungatholus, found in
Madagascar. Majungatholus
was another fierce predator
with a bony bump on its
deep head, and it grew to
over 30 ft (9 m) long. In
1998, a near-complete

skull was discovered on the
island where it lived.

MEAT-EATING BULL

Scientific name: Carnotaurus
Size: 25 ft (7.6 m) long

Diet: Meat

Habitat: Arid plains

Where found: South America

Time: Late Cretaceous

Related genera: Indosuchus, Majungatholus

Neogene 23—present

CENOZOIC 65.5 MmyA—present
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STIFF TAILS

MosT OF THE LATER THEROPODS are known as
tetanurans (“stiff tails”). The name tetanuran comes
from a change that probably affected their legs and
tails. In early theropods, muscles linked the thigh bones
to the middle of the tail, which waggled from side to side
as they walked. Tetanurans evolved shortened tail-thigh
muscles, and this meant that their tails’ rear ends became
less mobile. In time some tetanurans lost their tails altogether.
Tetanuran skulls were less solid than ceratosaurs’; the jaws
only had teeth forward of their eyes, and each hand bore no
more than three fingers. The first known tetanurans included
Eustreptospondylus, Megalosaurus, and other so-called megalosaurs
(“big lizards”). These medium to large theropods are mostly known
from scrappy fossils dating from Early Jurassic to Early Cretaceous
times. New finds of big theropods from Asia, Africa, and Europe
show the wide variety of early tetanuran theropods.

WELL-CURVED VERTEBRAE
Eustreptospondylus was an early
tetanuran living in England
more than 170 million years ago. It
grew up to 23 ft (7 m) long. Despite its
size, long tail, and long, thick legs, it was lightly
built, with weight-saving holes in its skull, and short,
three-fingered hands. This sharp-toothed theropod
could have hunted the fourlegged, plant-eating
dinosaurs that shared its habitat — the plated
Lexovisaurus, armored Sarcolestes, and perhaps

even the huge sauropod Cetiosaurus.

Tail-thigh muscle
became shortened
in tetanurans.

Tetanurans had

leg and ankle
bones.

Bladelike teeth
2in (5 cm) long

AFRICAN HUNTER %~
At 30ft (9 m) long, Afrovenator (“African hunter”)was lightly built,
fast-moving, and armed with 2-in (5-cm) bladelike teeth and sharp,

1[ hooked claws. It roamed a lush, hot countryside with shallow lakes Three large, weight-
¥ and rivers. Fossil bite marks found in the ribs of a young sauropod bearing toes
‘:7": called Jobaria suggest that sauropods were its major food supply.
(44 }‘E y Afrovenator's discovery in the Sahara desert in 1994 showed that
£ ::EI \ primitive tetanurans still thrived in Early Cretaceous Africa 185 million
i years ago, 35 million years after Eustreptospondylus flourished in Europe.

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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STIFF TAILS

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23

Muscular
arms

Tetanurans had
three-fingered
hands.

Large,
muscular legs

BIG LIZARD
Megalosaurus was the first dinosaur to get
a scientific name still used today. In 1824,
British scientist William Buckland described
it from a tantalizing broken piece of lower jaw.
Megalosaurus probably grew longer and stronger
than Eustreptospondylus, with a large head, thick
neck, short strong arms, and long powerful legs.
The three main digits on each hand and foot
bore murderously long sharp claws. Yet no
o b whole skeleton has ever been found, and
@, many details are guesswork. Megalosaurus,
like Eustreptospondylus, lived in the
Mid Jurassic. Fossils have been
%, found in England, France,
= and Portugal.

MESOZOIC 251-65.5 MmyAa

Air-filled bones
lightened tetanuran
skulls.

Tetanurans had
teeth only at
the front of
their jaws.

MIGHTY JAWBONE

The first Megalosaurus jaw to be discovered
was armed with great curved teeth, and must
have formed part of a long, deep head. It
even shows where new teeth had begun to
grow, replacing the old ones when they fell
out, as sometimes happened when
Megalosaurus bit into its victims.

Replacement

tooth Interdental

plate

BIG LIZARD

Scientific name: Megalosaurus
Size: 30 ft (9 m) long

Diet: Meat

Habitat: Coastal woodland
Where found: Western Europe
Time: Middle Jurassic

Related genus: Eustreptospondylus
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STRANGE SPINOSAURS

WHEN A BOMB FELL ON A GERMAN MUSEUM during World
War II, it destroyed the best fossil remains of one
of the weirdest dinosaurs of all. Spinosaurus was
a big, bizarre African theropod with bony
blades up to 6 in (1.5 m) tall rising from
the vertebrae on its back. In the 1980s,

in southern England a fossil hunter
chanced upon another oddity — the great curved fossil claw of
Baryonyx, a theropod with a skull like a crocodile’s. Since then,
more finds of these beasts and others have shown they formed

Long tail

a special group of tetanuran (“stiff-tailed”) theropods, now Long narrow
. . . . snout wi
known as spinosaurs. They lived in Europe, Africa, and South spoon-shaped tip

America about 125-95 million years ago, when land still linked
these continents. While all the other big predatory dinosaurs
had teeth and jaws designed for biting chunks of meat from
herbivores, spinosaurs seem uniquely suited to seizing

and eating large fleshy fish.

SPINE LIZARD Spinosaurus at dawn

Spinosaurus was reportedly as long as Many extra
Tyrannosaurus, but more lightly built. teeth in
Fragments of its skull and jaw suggest lower jaw

it had a long, low, narrow snout, but
its oddest features were the tall
bony “swords” that rose from its
vertebrae. Most scientists believe
these supported a tall skin sail
that could have been used for
display, or to help control body
temperature. Another theory is
that the bony blades supported

a tall fleshy hump, used perhaps
for storing food. Spinosaurus fossils
come from Egypt and probably

t . . Long, slim,
Morocco, while a close relative, lower jawline

Irritator, has been found in Brazil.

Naris (nostril) set
far back

HEAVY CLAW
Standing on a river bank, Baryonyx might have craned its long
straight neck out over the water and grabbed unsuspecting

fish in its jaws, or waded out and hooked them from the water
with its great hooklike thumb claws, much as grizzly bears catch
salmon. We know this dinosaur ate fish because paleontologists
found the scales of Lepidotes, a large fish, in its ribcage. The
stomach also contained some half-dissolved bones that show

it had dined on a young Iguanodon. This 33-ft (10-m) Baryonyx
found in southern England was not fully grown when it died.
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Long, narrow
mandible (lower jaw)

Large pollex
ungual (thumb claw)

Phalanges
(toe bones)
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STRANGE SPINOSAURS

Baryonyx skull

Low ridge on SPECIALIZED SKULLS
back highest Seen in profile alongside
above the hips each other, the skulls of
Baryonyx and a modern
crocodile look remarkably
similar. Both have long,
low, narrow jaws, with a
pronounced kink in the
upper one. Both jaws bristle
with sharp, slender teeth
designed to pierce and

grip scaly, struggling prey.

Tiny horn on head

Modern crocodile

CROCODILE MIMIC
Suchomimus was discovered in the Sahara Desert in 1997.
Like Baryonyx, it had a long, narrow snout with a paddle-
shaped tip and sharp little interlocking teeth, probably to
grip slippery fish. At 36 ft (11 m) long it was not yet fully
grown. Its nostrils lay far back on its head, perhaps so
it could breathe while feeding underwater or maybe
inside a dinosaur’s corpse. Powerful forelimbs and
thumb claws might have been used to hook yard-long
fish from the water, or to tear open the tough hides
of big meaty dinosaurs that it found dead. Amazingly
similar to Baryonyx apart from its ridged back, some
scientists suspect that Suchomimus was really a large
Baryonyx after all.

Powerful

shoulder SUCHOMIMUS

Muscular
forearm

Scientific name: Suchomimus

Size: 36 ft (11 m) long
Diet: Fish and maybe meat
Habitat: Flood plain
Where found: North Africa
Time: Early Cretaceous

Three-fingered hand

Big, sickle-shaped
thumb claw

Related genera: Baryonyx, Irritator, Spinosaurus

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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GIANT KILLERS

(GREAT MEAT-EATING DINOSAURS were roaming the world long

before Tyrannosaurus terrorized North America. Several _ St vertoie

may even have exceeded that monster in size. These great . /

hunters were carnosaurs — a name once used for all large

carnivorous dinosaurs, but now used only for the allosaurs Tail probably

wagged widely

and close relatives. Carnosaur heads had deep skulls with frorn side to side.

distinctive bones and large weight-saving openings. Sometimes
they had ridges or crests on the snout or over

the eyes. Their jaws were immense, with narrow, curved fangs,
though weaker than Tyrannosaurus’s. Their arms were stronger,
with three-fingered hands armed with sharp claws, and their great
muscular legs with three-toed feet resembled those of a gigantic bird.
Carnosaurs flourished from Late Jurassic to Late Cretaceous times,
in places as far apart as North and South America, Europe, and Africa.

DIFFERENT LIZARD

Allosaurus roamed western North America, East Africa,

and southwest Europe in Late Jurassic times. Small adults
weighed as much as a heavy horse, while large ones grew Thigh joined to hip girdle by

as heavy as an elephant. Individuals of various sizes a femur more massive than

perhaps belonged to several species. Some scientists Tyrannosaurus’s.
once thought the biggest fossils came from another

. genus altogether. Allosaurus preyed upon plant-eating

@ dinosaurs such as two-legged Camptosaurus and

| fourlegged Stegosaurus and Apatosaurus. It

probably hunted by ambush, hiding in trees

until a slow-moving herbivore came by.

EXPANDING JAWS

Two views of Allosaurus’s jaws show how they first gaped
open (left) then moved apart (right), to bite a huge
mouthful from its victim. Skull bones with movable joints
allowed this to happen. Allosaurus could also slide its skull
back over its lower jaw, to let its knifelike teeth slice through
muscle and gristle. Some scientists now think the slim lower
jaw was too fragile for fighting, and was used only for feeding
after Allosaurus had weakened its prey with axelike blows
from the upper jaw, and ripped out chunks of flesh by
pulling back with its powerful neck muscles.
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GIANT KILLERS

GIANT SOUTHERN LIZARD
Giganotosaurus from Late Cretaceous
Argentina was an immense carnivore,
perhaps even longer and more massive

than Tyrannosaurus. It is thought to have
been as heavy as 125 people and up to 45 feet
(13.7 m) long, with a bony skull crest, deep head,
short arms, and immensely powerful legs. This big-
game hunter could have attacked one of the largest-
ever sauropods, Argentinosaurus, or scavenged meat
from its corpse. Giganotosaurus flourished about

90 myA, but, like all carnosaurs, seemingly died out
before the end of the Cretaceous Period. In
various parts of the world they were replaced by
abelisaurids or tyrannosaurids. Perhaps these

proved more efficient hunters than carnosaurs.

Head twice as
large as that of
Allosaurus

GIANT SOUTHERN LIZARD

Bladelike, saw-edged
teeth 8 in (20 cm) long

Scientific name: Giganotosaurus
Size: 45 ft (13.7 m) long
Grasping, three- Diet: Meat
fingered hand with S .
sharp claws Habitat: Floodplain
Where found: Southern South America
Time: Late Cretaceous

Related genus: Allosaurus

Relatively small
shoulder

SHARK-TOOTHED LIZARD
Carcharodontosaurus (“shark-toothed lizard”)
was another huge Cretaceous “hangover:”
a carnosaur theropod from mid-Cretaceous
North Africa. This dinosaur lent its
name to the carcharodontosaurids, a
subgroup that also includes
Giganotosawrus and another massive
South American theropod, perhaps the
largest of all. At nearly 46 ft (14 m) long
and probably weighing at least 6.9 tons
(7 tonnes), Carcharodontosaurus could have
been as large and heavy as Giganotosaurus,
although its head was shorter, and its
brain was smaller than Tyrannosaurus’s.

Very strong,
three-toed foot

Each foot supported

to 3.9 tons (4 tonnes
. ( / Carcharodontosaurus skull

of body weight.
299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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their prey was the medium-
sized ornithopod
. ) Camptosaurus, the plated
had time to bite chunks from the dinosaur Stegosaurus,

herbivores and trample on and the sauropods &
Barosaurus and

them and each other. Camarasaurus.
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299-251

Triassic 251-199.6

PREDATOR TRAP

Jurassic 199.6-145.5
MESOZOIC 251-65.5 MyA

Cretaceous 145.5-65.5

Scientific name: Allosaurus
Size: 40 ft (12 m) long

Diet: Meat

Habitat: Open countryside
Where found: North America
Time: Late Jurassic

Related genus: Giganotosaurus

Paleogene 65.5-23 Neogene 23—present
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HOLLOW-TAIL LIZARDS

The JURASSIC LANDSCAPE PROBABLY TEEMED with small
predators — the dinosaur equivalent of mammals
such as foxes and jackals — but because their bones
were so thin and fragile very few left fossil remains.
Among the best known of these are Compsognathus
from Germany and France, and Ornitholestes from
the United States. Both were probably fast runners,
chasing and eating lizards, small mammals, and
other creatures smaller than themselves. They were
early members of a new tetanuran theropod group —
the coelurosaurs or “hollow-tail lizards.” This great
group of predatory dinosaurs eventually gave rise
to huge tyrannosaurs, birdlike ornithopods, and
the likely ancestors of birds.

AETA™ Gira
L 1‘-‘_‘,,!__ . .;i.'r'.'.{_‘:?ﬁ . i
o

e
' ol

THE LIZARD EATER

The fossil Compsognathus shown below is
one of only two so far discovered. This
well-preserved German specimen had
swallowed a small lizard called Bavarisaurus.
Half-grown, the theropod was no bigger
than a chicken, but a French specimen

was the size of a turkey. Compsognathus
seemed to have just two fingers on each
hand, but scientists now know that there
were three.

\ Fine-grained limestone

slab preserving fossil

’ - 3 Curved neck, pulled
%‘_,_ :_‘-:..'.,'?-ﬂ' o i"“/ back by shrinkage after

death

> F
f M’ Bl
[ ] L] I - ¥\ .r 5 “I f 'f‘\
& \ vl Phalanges (finger
' f’ . bones), some
74 3 scattered
rl

Cambrian 542-488.3

COMPSOGNATHUS LIFESTYLE
Compsognathus lived on warm desert islands

in what are now southern Germany and
France, and was was probably the largest
predator there (small islands rarely have
enough food to support large meateaters).
The little dinosaur’s slender build, with a
long neck, balancing tail, and birdlike legs,
would have made it a fast mover. It caught
and ate lizards such as Bavarisaurus among
the scrubby vegetation, and perhaps also hunted
the primitive bird Archaeopteryx. Compsognathus
may also have scavenged dead king crabs and
other creatures washed up on the shore.

Very long,
slender tail

Skin covered
with scales or
maybe primitive
feathers

High ankle

Tiny hallux
(big toe)

Three-toed,
birdlike foot
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HOLLOW-TAIL LIZARDS

Large orbit

_'ﬁ' .‘_, 7 o B X, _p-:""._-r: ‘5.!'
- .-"";f ] 1| k‘"‘:;l W
3 1 o e N LOf?g,.
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\» \ N ( Caudal vertebrae tail
Deep N G L
mandible " Hip joint
i BIRD ROBBER
Long manus y Ornitholestes, from Late Jurassic Wyoming, was much like
(hand) ¥ Compsognathus, but one and a half times as long and with
’ b, longer, more effective grasping hands. Ornitholestes may

have hunted lizards and early birds, but it could also
have tackled larger prey than little Compsognathus —
for example, it may have chased and killed Othnielia,
a 10-ft (3-m) bipedal, plant-eating dinosaur.

ELEGANT JAW

Long, low head

Scientific name: Compsognathus
Size: 4 ft 6 in (1.4 m) long
Diet: Meat (small animals)

Long, flexible Habitat: Desert islands
neck

Where found: Western Europe

Time: Late Jurassic

Related genera: Aristosuchus, Sinosauwropteryx

Orbit

ELEGANT JAW

Composgnathus (“elegant jaw”) got its name from the delicate bones in
its long, low head. Its lightly built skull largely consisted of slim bony
struts with large gaps between them. The biggest openings were the
orbits, or holes for the eyes. The nares or nostril holes were two small
elliptical holes near the tapering tip of the snout. Below such holes,
interlocked bones formed long, slender struts that made the upper
jaw. The lower jaw, too, was so shallow it looks almost fragile. Small,
sharp, curved teeth were set well apart in both jaws.

299251 Triassic 251-199.6 Jurassic 199.6-145.5 ||| IR
- MESOZOIC 251-65.5 myA CENOZOIC 65.5 MyA—present
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OSTRICH DINOSAURS

ORNITHOMIMID OR “BIRD MIMIC” DINOSAURS were
built like flightless, long-legged birds such as
ostriches. Unlike most nonbird theropods,
ornithomimids evolved a birdlike beak. However,
unlike modern birds, they had a long, bony tail
core and arms with clawed fingers, rather than
wings. Ornithomimids lived mainly in Late
Cretaceous times in parts of North America,
East Asia, and Europe, and probably in Africa
and Australia too. Ornithomimids may have
roamed open countryside, pecking at plants
and maybe sometimes snapping up small
animals. Large eyes helped them spot prey

and watch for danger. If a tyrannosaur caught

SPECIALIZED LEGS
Scientists think ostrich dinosaurs such as Struthiomimus

an ornithomimid by surprise, it could deliver (“ostrich mimic”) and Dromiceiomimus (“emu mimic”) ran
a terrible kick with its sharp toe claws, but it as quickly as an ostrich. All three had evolved sprinters’

. . legs with longer shins than thighs, and long foot and toe
was more hkel}’ to Sprlnt away from danger' bones. Ostriches are one of the fastest living land animals,

sprinting at up to 50 mph (80 kmh). Some ornithomimids
might have matched that. For short bursts perhaps one
or two could run even faster.

BIRD MIMIC
This Ornithomimus skeleton is mounted as if frozen in
midstride, with neck and body tilted forward, balanced
by the long tail stiffly jutting out behind. Comparing
ornithomimids’ bones with those of other theropods
shows that the long-limbed ostrich dinosaurs were
coelurosaurs (“hollow-tail lizards”) close to
maniraptorans, the subgroup that includes
Velociraptor and birds.

Long tail with up
to 40 caudal
vertebrae

Skull with large
eye sockets
and brain

Very high ankle
joint

Long phalanges
with weakly curved

unguals (claws) Very long
metatarsal
bones
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OSTRICH DINOSAURS

Eyes at sides of head,

More than 70 giving a wide view

tiny teeth in
upper jaw

Toothless beak
covered with
a horny sheath

About 150 tiny
teeth in lower jaw Skin throat
pouch, perhaps
to store food
PELICAN MIMIC
Pelecanimimus (“pelican mimic”) was an early ornithomimid
from Europe. It had more, but tinier, teeth than any other
known theropod (more than 200).The sharp, close-packed
teeth formed long cutting edges — in later ostrich
dinosaurs teeth must have become smaller still,
until in time they all disappeared. Another
apparent oddity was a skin throat pouch like
a pelican’s. Pelecanimimus was found near an
ancient lake, so perhaps it had waded out in
shallow water to catch fish. These could have
been stored in its pouch before it swallowed
them or took them back to a nestful of young.

CHICKEN MIMIC
Gallimimus (“chicken mimic”),
the largest known ostrich
dinosaur, was three times as
~ long as a tall man. It had a
small, birdlike head on a long,
flexible neck, a long, narrow
beak, and big eyes on the sides
of its head to spot danger from
almost any direction. Slender arms
ended in gangly, three-fingered hands
held with palms facing into the body.
Their long, curved claws might have hooked
leafy twigs or seized small mammals and lizards.
The hindlimbs had long shin and upper foot
bones, ending in three long toes tipped with
sharp claws. A long, tapered tail stuck out stiffly
to balance the head and neck. Gallimimus roamed
a dry region of semi-desert, where plants were
most plentiful along moist river banks.

Hand could have
served as a hook.

v

Flexible shoulder
joint

CHICKEN MIMIC

Shin longer than
thigh, designed
for sprinting

Scientific name: Gallimimus
Size: 19 ft 6 in (6 m) long
Diet: Plants and perhaps animals

Hand shorter

Toes short than in most . :
compared to ormithomimids Habitat: River valleys '
rest of foot Where found: East Asia

Time: Late Cretaceous

Related genera: Struthiomimus, Ornithomimus

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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TYRANNOSAURIDS

THE TYRANNOSAURIDS OR “TYRANT LIZARDS” were the fiercest predators
in western North America and Asia 65 million years ago. Among the P s
largest and most terrifying of all meat-eating dinosaurs, they first ' o
appeared about 80 million years ago, and were among the

last dinosaurs to become extinct. :
Surprisingly, these monstrous
animals evolved from ancestors that were
shorter and lighter than a man. Despite this, tyrannosaurids
evolved to immense size — an adult Tyrannosaurus could grow
longer than the width of a tennis court, as heavy as an elephant,
and tall enough to look into a first-story window. Massive legs bore its
weight on three large, birdlike clawed toes. Tyrannosaurid arms were
absurdly short, but were also strong, ending in fearsome two-clawed
hands. However, their chief weapons were awesome jaws, armed with
huge fangs able to deliver a bite as powerful as an alligator’s.

BONY SCAFFOLDING
Compared to most other theropods, tyrannosaurids had larger skulls,
more powerful jaws, stouter teeth, a thicker neck, a shorter body,
and very tiny arms. The skull was nearly half as long as the backbone
between hips and head — the thick neck must have had extremely

strong muscles to support and move its weight. Arms were typically Elongated
no longer than a man’s, but very muscular. All this upper part
suggests tyrannosaurids were predators designed of foot
around their bone-crunching, flesh-shredding
mouths. Skeletons unearthed since 1990 have
included the largest Tyrannosaurus specimens
ever discovered. These have sparked
controversy about whether
tyrannosaurids showed sexual
differences — perhaps Each foot
with females larger e sl
than males. 2 load bt
as heavy as

Skeleton of
Tyrannosaurus rex

an elephant.

THE TYRANT’S SKULL
A short, deep snout helped give Tyrannosaurus’s

great skull a boxlike shape when seen from the

side. Big holes between the bones helped to reduce Thick teeth

its weight. The immensely powerful jaws — big almost as wide
enough to swallow a human as long
whole — were curved, so
that as they closed, their
great fangs all met at once.
The teeth themselves

Ungual (bone
sheathed with
a horny claw)

Paired
rockerlike
pubic bones

Eff dlike /?th had sawlike edges at the
bones mig back and front, leaving
imply the

distinctive puncture marks
in the bones of prey such
as the horned dinosaur
Triceratops. Eye holes and the

ability to run.

Middle metatarsal Stable ankle for tell-tale shape of its brain-case
narrows to a splint. walking on rough reveal that Tyrannosaurus had big
ground eyes and a well-developed sense of smell.
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TYRANNOSAURIDS

Massive head with
rigidly joined bones
for a strong bite

The lower jaw’s
bones showed
some flexibility.

"’J Al

Thick, muscular neck
supported by short,
wide vertebrae

ON THE HUNT

Tyrannosaurus rex (“king of the tyrant lizards”) walked
heavily on its great hind limbs, with head jutting forward,
and a level back and tail. It probably trailed after herds of
horned and duck-billed dinosaurs browsing through woods
and flowery, ferny glades. Tyrannosaurus rex would have
eaten large meaty dinosaurs it found already dead, but also
attacked any individual too sick, old, or young to keep up with
the rest. Some scientists believe it sprinted after prey, while
others think it could only manage a fast walk. Tyrannosaurus rex
would have moved in for the kill with gaping jaws. Seizing
small dinosaurs in its mouth it could have shaken them to
death. Biting a mighty mouthful of flesh from a larger victim,
it could have hooked its finger claws into the creature’s hide to
hold the body still. When its prey collapsed from loss of blood,
Tyrannosaurus rex would use one great clawed foot to hold the
creature down, grip its neck or flank between its teeth, then
jerk its head back, tearing out colossal chunks of meat.

Two-fingered
hand on a small
Ankle joint but sturdy arm
with bones
forming a
simple hinge.

Only the toes
touched the
ground.

KING OF THE TYRANT LIZARDS

ALBERTA LIZARD
Albertosaurus, shown
here above a felled
Centrosaurus, was
relatively small by

tyrannosaurid Scientific name: Tyrannosaurus rex

standards — though still about 26 ft (8 m) long.

Some scientists think smaller tyrannosaurids could have run at speeds of

up to 25 mph (40 kph), making them formidable hunters. Alioramus, another
small tyrannosaurid, roamed Mongolia, which was then joined to North America
by a land bridge. Other Asian tyrannosaurids included Alectrosaurus and
Tarbosaurus (which may be a species of Tyrannosaurus itself). Siamotyrannus

from the Early Cretaceous rocks of Thailand hints that tyrannosaurid

ancestors probably first arose in Asia, about 120 million years ago.

MESOZOIC 251-65.5 myA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

Size: 39 ft (12 m) long

Diet: Meat

Habitat: Open woodland

Where found: North America

Time: Late Cretaceous

Related genera: Albertosaurus, Alectrosaurus
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SCYTHE LIZARDS

THERIZINOSAURS (“SCYTHE LIZARDS”) were the oddest of
all known dinosaurs. For many years, scientists had
to guess what they looked like from scraps of fossils
that included four-toed feet like a prosauropod’s
and scythe-shaped claws. Paleontologists
named the mysterious owner of the giant
claws Therizinosaurus. In 1988, more
complete skeletons of an earlier relative,
Alxasaurus, turned up in China. Comparison
of this therizinosaur’s bones with previous
finds enabled scientists to picture “scythe lizards” as large,
slow-moving, bipedal creatures. The biggest resembled bizarre,
extinct, hoofed mammals called chalicotheres. Therizinosaurs’
wrist and toe bones show they were “stiff-tailed” theropods
related to Oviraptor. Therizinosaurs lived in East Asia and
North America. Most kinds lived in Cretaceous times, but

a therizinosaur has been reported from the Early Jurassic.

Small head
supported by
a long neck

HOW SCYTHE LIZARDS LIVED
Socket where Therizinosaurus seems to have been built
the claw joined for the kind of life led by gorillas or by large,
its finger bone . .

extinct mammals such as giant ground sloths
and chalicotheres. It ambled around on its
long hind limbs, sometimes propping up
the forepart of its body on its finger claws.
Sitting on its haunches, supported by its
tail, Therizinosaurus could have craned its
long, straight neck to crop trees with its
toothless beak and stretched its hands to
claw more leafy twigs toward its mouth.

Therizinosaur
claw fossil

UNUSUAL CLAWS
The first digit claw on
Therizinosaurus’s hand
grew longer than a man’s
arm, but the other two claws
were shorter. All three claws
resembled scythe blades, being
gently curved, flat-sided, and
tapering to a narrow point. The
claws were so long that Therizinosaurus
might have walked upon its knuckles
when on all fours. Its huge claws still puzzle

scientists. Compared to a dromaeosaurid’s talons, The first digit’s

Therizinosaurus’s claws appear unsuited to aggression. claw tended to
If not used in courtship or for raking plants, they be the longest.
might have been used to rip open termites’ nests.
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SCYTHE LIZARDS

SCYTHE LIZARD
Therizinosaurus was one of the last and most awkwardly
built of all therizinosaurs. Paleontologists Dale and Donald

o — Russell reinvented Therizinosaurus’s appearance by matching
o ¥ 4 Ty its incomplete bones with the known bones of other
R therizinosaurs. They borrowed its small head from

/ﬁd Erlikosaurus, based its lower jaw’s 1ength
Bones y ' !‘ on Segnosawrus, and made its jaws
.'u-' '

toothless. Its long neck, back,

rtil ,.' }
fﬁg ;;aoirl}l/ng 2 7 ’ o and broad hips were based
straight neck z" ' f#"n AT on Nanshiungosaurus.
.. /
5 X { ? a . . l—j.&w
- -3 . Ww_ -
1 ! A8 N
Three elongated fatr, N
finger claws u‘\ ' Hips were
| AR broader than in
\.] L typical theropods.

Skeletal reconstruction
of Therizinosaurus

SCYTHE LIZARD

31 I-u.a,_.
Scientific name: Therizinosaurus
Size: 39 ft (12 m) long
Diet: Probably plants
Habitat: Wooded riversides
Where found: East Asia
Time: Late Cretaceous

Related genera: Erlikosaurus, Nanshiungosaurus

=
= Short, broad, /

four-toed foot

Broad body
containing a large
digestive system

Three stampeding
Beipiaosaurus alarm
small birds and
feathered dinosaurs.

BEIPIAO LIZARD

Beipiaosaurus was named after Beipiao, the Chinese city near
to where its fossils were discovered in 1996. As long as a tall
man, but more heavily built, Beipiaosaurus lived more than
120 million years ago, long before the largest “scythe

lizards.” It was also less highly evolved. Its body had a sizable
head with lower tooth crowns, hands longer than thighs,
three-toed feet, and long shins. The most exciting discovery
was that fine feathery filaments had covered its arms, legs,
and maybe the rest of its body. This find strengthened the
evidence that many theropods were not scaly, but covered
in long down that resembled an emu’s hairlike feathers.

Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

CENOZOIC 65.5 mya—present
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EGG THIEVES

OVIRAPTOR (“EGG THIEF”) was a long-legged
theropod with large eyes, a toothless beak,
and a bony tail. Oviraptor and its close
relatives seem to have been the dinosaurs
most closely related to birds. The scientist
who described Oviraptor in 1924 believed
he had found one that was killed while
stealing the eggs of the horned plant-eater
Protoceratops. He named his find Oviraptor
philoceratops (“egg thief, fond of horned

dinosaurs”). In the 1990s, however, more oo of : du‘:lfigsglsiaséfv‘jsfgzé?ssin;‘i’;‘fn::(gd
oviraptorid dinosaurs were found With similar ogisfa;t(‘)’ri;“ buried the dinosaur and its eggs
eggs. In one of these eggs lay the tiny bones  nesting with eggs beneath a sandy avalanche.

of an oviraptorid embryo. Far from stealing
other dinosaurs’ eggs, the adults had died
protecting their own, in the way ground-
nesting birds do today. Oviraptor lived
about 80 million years ago in what is now
the Gobi Desert of Mongolia and China.

DESERT DISASTER
Fossil bones and eggs show
where an oviraptorid died
s, guarding a nest of 22
; long eggs, laid in a
circle. This nest lay
on sandy ground,
probably at the edge
of a desert oasis. To
protect the eggs from
a rare desert downpour,
the parent had seemingly
spread its clawed arms over the
nest as a bird might spread its

DEVOTED MOTHERS

This lifelike model shows an Oviraptor mother

settling down to brood her clutch of eggs. The nest is

a sandy mound with a hollow scooped out in the middle.
Inside, she has laid in a circle more than 18 long eggs.
Crouching low, the big, birdlike creature uses her own body
heat to keep her eggs warm at night. By day, the soft, downy
feathers that cover her body and arms shield her eggs from
the Sun’s fierce heat, and from sand blown about by strong !
winds. If another dinosaur tries to steal her eggs, she might 'y |
scratch it with her sharp finger claws or, like an ostrich, _ :.3.
deliver a terrible kick. = B

Hard-shelled eggs,
like a bird’s

Oviraptorid
SMERTC embryo in egg
Tiny bones still cradled by fragments of eggshell
reveal the remains of an oviraptorid embryo in

an egg laid 80 million years ago. The unhatched
dinosaur lay curled up in an egg no more than

3 in (7 cm) across. Had it hatched, the baby
would have grown to be 6 ft 6 in (2 m) long.
Finds of dinosaur embryos are rare because

their bones were often too fragile to be preserved.

¥
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EGG THIEVES

Ta/l, bony crest covered s
with a horny sheath ‘% . @\_‘_.‘
" - _ . Neck
Toothless / -55_'" — muscles Dorsal vertebra
beak

llio-tibial muscle

BIZARRE HEADS

An oviraptorid head was more like a bird’s
head than that of a typical theropod dinosaur.
The jaws formed a deep, toothless beak, and
the lightweight skull largely consisted of
strong, bony struts that were light and thin.
The skull contained huge holes for the eyes.
A crest covered in horn ran along the top of
an oviraptorid dinosaur’s nasal area. Feathers

might have covered the rest of the LIGH I'WEIGHT SKELETON
head, which here appears bare A reconstructed oviraptorid
and scaly.
skeleton reveals the slender

-~ "f - scaffolding of hollow bones inside the creature’s
i Fluffy down body. Oviraptorids had long arms and extremely long,
insulated grasping, three-fingered hands, which were armed with
the body.

sharp, strongly curved claws. The elongated shins and
feet enabled them to run fast, and the tail was relatively
shorter than that of most other theropods. Altogether
oviraptorid dinosaurs resembled big, flightless birds.
They even used the same muscle as birds — the ilio-tibial
muscle — to pull their legs backward. However, certain
telltale details, such as forward-pointing hip bones and
a backward-pointing hallux (first toe), indicate that
these theropods were not in fact birds.

EGG THIEF

Scientific name: Oviraptor
Size: 6 ft 6 in (2 m) long
Diet: Uncertain

Habitat: Semi-desert
Where found: Central Asia
Time: Late Cretaceous

Related genera: Conchoraptor, Ingenia

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
- MESOZOIC 251-65.5 myA CENOZOIC 65.5 mya—present
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TAIL FEATHER

OF ALL CHINA’S AMAZING NON-BIRD
dinosaurs and birds, none has proven
more astonishing than Caudipteryx (“tail
feather”). This long-legged, turkey-sized
creature seems a mixture of both kinds of
animal, with a birdlike beak, feathers, and
short tail, but teeth and bones that proclaim
it a non-bird theropod dinosaur. Caudipteryx
lived in Early Cretaceous times, not long after
the first known bird. Scientists have suggested
it might have been either a strange theropod
dinosaur, a theropod dinosaur with ancestors
that flew, or a bird that evolved from birds
that had lost the power to fly. It is most
probable that Caudipteryx was a maniraptoran
(“grasping hand”) dinosaur and that the birdlike
oviraptorids were its nearest relatives.

UNUSUAL BODY
Caudipteryx had a short head and a beak with sharp, buck
teeth in the front upper jaw. From its lightly built body
sprouted shorter arms than those of most advanced
theropods, although there were long, three-fingered
hands that ended in short claws. Long legs and birdlike
toes indicate that this dinosaur was a fast runner. Caudipteryx’s
bony tail was among the shortest of all known dinosaurs, and
most of the animal was covered in some type of feathering.

Caudipteryx had
wing feathers that ~ Down feather
were symmetrical
in shape, like this
wild turkey feather.

Wing feather

FEATHER FUNCTION

i Feathers of different kinds covered

most of Caudipteryx. Short down provided

insulation, and implied that Caudipteryx

i was warm-blooded. Feathers with 8-in

% (20-cm) long quill shafts sprouted from its
arms, fingers, and tail, but Caudipteryx could
not fly. Its wing feathers were symmetrical,
whereas the wing feathers found in
birds that can fly are asymmetrical.

Caudipteryx’s feathers might have

been brightly colored and

used for mating display. =

-

o =
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TAIL FEATHER

PUZZ1LING RELATIONSHIPS
Scientists stressing Caudipteryx’s
birdlike nature have claimed
it had a reversed “big” toe,
and used muscles like a
bird’s to pull back its legs
as it walked. Other scientists
believe both suppositions are
unproved, and stress details
indicating that this was
a non-bird dinosaur. For
instance, the pubic hip
bones pointed forward,
while the beak, tail bones,
and other hip bones hint
. that Caudipteryx was
closely related to the
dinosaur Oviraptor.

i

-
)

TAIL FEATHER

; ,_'.1:__ T e
Paleogene 65.5-23
CENOZOIC 65.5 MmyaA—present

Neogene 23—present

Jurassic 199.6-145.5 Cretaceous 145.5-65.5

MESOZOIC 251-65.5 MyA
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TERRIBLE CLAWS

DEemonycHUS (“TERRIBLE cLAw”) and
other dromaeosaurids (“running lizards”)
were small, aggressive,
hunting dinosaurs. Few
theropods matched their
intelligence, and none
brandished such a
terrifying combination
of weapons. The jaws of
dromaeosaurids bristled with big,
curved, bladelike fangs, their three-fingered
hands bore hooked claws, and curved claws
sprouted from their long, birdlike toes. The
huge switchblade claws on their second toes
were twice as long as any of their other
claws. Dromaeosaurids ranged from

about 6 ft 6 in (2 m) to 20 ft (6 m) in
length. They first appeared during

the Jurassic period, although most known

fossils date from Cretaceous times. While the

northern and southern continents were still
linked, dromaeosaurids spread widely
through them.

CAMOUFLAGE
No one knows for sure whether all dromaeosaurids
had scaly or feathered skin. If some had scaly skins
these could have been tinted or patterned in ways
that made their bodies blend in with their
surroundings. If Deinonychus was

scaly, as shown here, stripes or
spots on its skin would have
helped to conceal it in the
dappled light beneath
the trees. Its
camouflage would
have made it less
visible to its prey.

F

A\

A

= N
£ N

Skin is striped like
that of a living tiger.

Striped Deinonychus

Cambrian 542-488.3

Large claw swung
down to deliver
slashing attacks.

Skull deeper and more

strongly built than that
n of Velociraptor.
g

One of a number

of skeletons of
Deinonychus found in
Montana and Wyoming.

TERRIBLE CLAW
Mounted as if leaping in for the
kill, this Deinonychus skeleton shows
some of the key anatomical features
that made dromaeosaurids so feared.

Its jaws gape to bare wicked-looking rows
of fangs. The gangly arms unfold like a bird’s
wings and stretch out to hook their curved
claws into a victim’s scaly hide. The switchblade
toe claws could rise, ready to flick forward and
disembowel prey. Bony rods sprouted forward
from the tail bones to overlap the bones
in front and form a bundle that stiffened
the tail. The leaping dinosaur would swing
its tail around to help it keep its balance.

The tail acted as a flexible rod, darting
in all directions as the dinosaur moved.

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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TERRIBLE CLAWS

FEATHERED VELOCIRAPTOR

Velociraptor (“quick robber”), a dromaeosaurid the
length of a tall man, appears below as a model

covered with feathers, not scales. Fine, hair-like strands
protect its body from heat and cold, and long, showy
feathers sprout from its head and arms. Since 1996,
fossil feathers like these have turned up in China

with superbly preserved small theropods including

the dromaeosaurids Sinornithosaurus (“Chinese bird
lizard”) and Microraptor (“tiny robber”). Working with
Chinese scientists in 2001, Mark Norell of the
American Museum of Natural History revealed yet
more evidence that all such theropods closely related to
birds had feathers not scales.
Further proof came in 2007
when Norell and two
colleagues disclosed
their discovery of a
Velociraptor arm
bone that had

quill knobs for
anchoring feathers.

Hairlike feathery
filaments probably
insulated the body.

with sharp claws.

TERRIBLE CLAW

Scientific name: Deinonychus
Size: 10 ft (3 m)

Diet: Meat

Habitat: Open woodland
Where found: North America

Each hand had three,
long, narrow fingers

This
Velociraptor’s

sharp claws and

agility failed to
save its life.

DUEL TO THE DEATH

Two tangled fossils found in the Mongolian
desert were a Velociraptor and a Protoceratops
that died while fighting. This scene shows that
even an aggressive theropod ran risks when it
fought a well-defended plant-eater. The lithe
hunter Velociraptor had grasped the plant-eater’s
snout while delivering kicks to its throat. The
Protoceratops had gripped its attacker’s arm in

its strong beak. Suddenly, sand loosened from a
dune by wind or rain smothered both of them.

Velociraptor had to

Tail stiffened by
bony struts except
at its base, just
behind the hips.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

Time: Early Cretaceous

keep its great
second-toe claw
raised when it walked.

Related genera: Dromaeosaurus, Velociraptor

Neogene 23—present

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MmyA—present
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ROAD RUNNERS

(CRETACEOUS LANDS TEEMED WITH small, hunting dinosaurs
designed, like prehistoric roadrunners (swift, ground-dwelling
birds), for dashing around and seizing small, backboned animals.
Many of these small-game hunters belonged to the maniraptoran
(“seizing hands”) dinosaurs — the theropod group to which birds
belong. Their long, clawed hands stretched out to seize prey, then
pulled in and back, much as a bird’s wings flap. Like birds, some
maniraptorans had feathers. Traces of feathering survive in the
well-preserved fossils of
Caudipteryx (“tail feather”)
and Sinornithosaurus
(“Chinese bird lizard™)
from China. Feathers
or down very likely
also covered the

\ _
} ; WOUNDING TOOTH

North American ‘
theropods ' Named for its curved, saw-edged teeth,
Bambiraptor Troodon was a big-brained, long-legged

hunter that was the length of a tall human.
It flourished in western North America
about 70 million years ago. Like Velociraptor,
= ' Troodon was built on slim, birdlike lines, and
‘\. had a switchbladelike second toe claw that it
held clear of the ground as it walked. Unlike
Velociraptor, however, Troodon’s big toe claw
was too small to allow it to tackle large
game. Troodon might have killed baby
. dinosaurs, but its main prey were birds,
lizards, snakes, and small mammals.

and Troodon.

w

Flattened chevrons,
stiffening the tail

Long, slender
arms bearing
three-fingered
hands with sharply
curved claws

Long, slim tibia

Close-fitting |
metatarsal bones

(3

Cambrian 542-488.3
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Head of Troodon

Ischium

Troodon might have had
vertical pupils that
helped it hunt at night.

SMART DINOSAUR

With a large brain for the
size of its body, Troodon was
one of the most intelligent
dinosaurs. Troodon’s eyes
could focus on objects
directly in front of it, which
helped Troodon to judge when
a victim came within range.
Troodon may well have hunted
at dusk, as its big eyes very
likely saw clearly in dim light.

Troodontids’ hip bone shapes
are partly guesswork, but

the pubic bones jutted
forward, not back, as in

more birdlike theropods.

Gastralia
(belly ribs)

Small, raised
“switchblade”
second toe claw

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 m



ROAD RUNNERS

A rather deep snout
and large teeth were
among Bambiraptor’s
least birdlike features.

A wrist joint like a
bird’s allowed it to
fold its hands as a
bird folds its wings.

WOUNDING TOOTH

Scientific name: Troodon
Size: 6 ft 6 in (2 m) long
Diet: Meat

Habitat: Open woodland
Where found: North America
Time: Late Cretaceous

Related genera: Byronosaurus, Saurornithoides

Half-moon-shaped
wrist bones made
possible a grabbing
action, like the flight
stroke of a bird.

TROODON SKELETON
Arms outstretched, as if running to attack a victim,
this mounted skeleton gives a good idea of Troodon
as an active, agile hunter. The maniraptoran’s
long, low skull housed a brain as big as an emu’s,
and its jaws bore about 120 of the small, sharp,
cutting teeth that earned this troodontid dinosaur
its name. This theropod’s basket of gastralia, or
“belly ribs,” perhaps acted in a similar way to a
diaphragm, which helps the lungs to work.

MESOZOIC 251-65.5 MyA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

-~ BAMBI RAIDER
/ Discovered in 1994 in
Montana, the 75-million-year-
old skeleton of Bambiraptoris one
of the most complete and birdlike of
any non-avian North American dinosaur.
The 3-ft 3-in (1-m) long individual was not
yet fully grown. An agile runner, with shins
long like a bird’s, Bambiraptor had large
eye sockets, and a bigger brain for the size
of its body than any other known dinosaur.
Some of its bones contained air sacs linked
to the lungs, as in a bird. They supplied
extra oxygen for a creature that was likely
very active. Bambiraptor was probably warm-
blooded, with downy feathering that
helped to conserve body heat.

Bambiraptor skeleton

Forward-facing eyes

Its wishbone and
shoulders helped
it to swing its long
arms out to grab.

BAMBIRAPTOR IN ACTION
Bambiraptor was an agile hunter of
small game. Stepping watchfully
through the undergrowth, it was
ready to leap into action if a

frog jumped or a mammal
moved. The theropod

strode rapidly after its

intended victim. If

its prey suddenly

darted away, Bambiraptor followed
swiftly, keeping its balance by
shifting its stiffened tail from side
to side. The hunter probably
ended most chases by grabbing

its prey in its hands and
delivering a fatal bite.

Slashing kicks from the long
claw on each foot could
disembowel larger prey.

Neogene 23—present

CENOZOIC 65.5 mya—present

13~
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BIRDS CLADOGRAM

SEVERAL FEATURES ALLOW BIRDS TO BE distinguished from their closest
relatives, the dromaeosaurid dinosaurs, but Archaeopteryx — the “first
bird” — now seems less birdlike than people once thought. Skeletal

details such as a reduced tail and distinctive feet set birds apart from Iberomesornis, from Early
: : Cretaceous Spain, was
other animals. Although all birds possess feathers, these are not a the carliost momber of

unique feature of birds, as feathers are also present in non-avian the Ornithothoraces.
theropod dinosaurs, such as Caudipteryx. Birds more advanced than
Archaeopteryx originated around the Jurassic-Cretaceous boundary.
Their tail, hand, and chest bones were much like those of modern birds.

Confuciusornis was
a jay-sized bird from
Early Cretaceous China.

ENANTIORNITHINES
CONFUCIUSORNITHIDS
ARCHAEOPTERYX
ORNITHOTHORACES
Alula
ostyle ALULA
Pygosty Ornithothoracines are united
Pygostyle by the alula — a feather that
helps direct air over the
upper surface of the main
=4k wing. Enantiornithines were
AVES - ‘,.t a Cretaceous radiation of
Shortened tail Skeleton of Early & the Ornithothoraces.
Cretaceous bird i | -
- ' Alul;
: : " ) ula

SHORTENED TAIL

A tail with less than 25
vertebrae sets birds apart
from other maniraptorans.
This feature reflects a need
to lighten the skeleton. The
long tail of Archaeopteryx
would have made it quite

a clumsy flier.

77 PYGOSTYLE
Birds more advanced than
o™ Archaeopteryx have their last
five tail vertebrae further
| reduced and fused into a
plate of bone called the
pygostyle. These birds
include confuciusornithids
and the Ornithothoraces.

Heron wing

138



BIRDS CLADOGRAM

Patagopteryx, a
flightless, running
bird from Cretaceous
South America

PATAGOPTERYX

Fully fused foot
skeleton

/ <N\
Fused

\ T
1 S
metatarsal bones ‘%, i}

FULLY FUSED FOOT

In the ornithurines and
Patagopteryx, the elongate
foot bones called the
metatarsals are completely
fused to form a structure
called the tarsometatarsus.
These bones were not

Hesperornis from
the Cretaceous

HESPERORNITHIFORMS

ORNITHURAE
Prong on quadrate

skull

PRONG ON QUADRATE
The Ornithurae are
distinguished by the
presence of a sharp prong
on their quadrate bone,
which points toward the
tip of the snout. They also
possess distinctive hips and
a shortened back that has
fewer than 11 vertebrae.

BIRD EVOLUTION

Ichthyornis from
the Cretaceous

T

=

ICHTHYORNITHIFORMS

CARINATAE
Rounded head
of humerus

Rounded —7

head / )

d

;‘r Humerus (upper
arm bone)

y

ROUNDED HEAD

OF HUMERUS

Carinate birds are well-
adapted for powerful flight.
The rounded head on the
humerus gives carinates

a wider range of motion

at the shoulder joint

and, therefore, a more
powerful flapping action.

MODERN BIRDS

NEORNITHES
Saddle-shaped faces to
neck vertebrae

Hesperornis neck vertebra

2N

Saddle-shaped
face

SADDLE-SHAPED FACES
Neornithines have saddle-
shaped articulating faces on
their neck vertebrae. They
also lack teeth and have an
extra crest on the humerus.
These modern birds arose
in the Cretaceous and have
become the most diverse
group of birds.

completely fused together

Whether flight in birds originated from running or climbing
in earlier birds.

dinosaurs remains the subject of argument. Primitive birds
possess features associated with flight, but some may have

lived on the ground. Trends such as the loss of serrations on
the teeth and the shortening of the tail reflect a move toward
a lighter skeleton and more agile flying abilities. The evolution
of the alula allowed birds to become even better fliers. Later
birds evolved stronger wing and chest bones, and more flexible
necks. Teeth were retained in birds until the Neornithes.

13Q
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ARCHAEOPTERYX

THE OLDEST KNOWN BIRD is Archaeopteryx (“ancient wing”). Slender snout had
Ab 150 milli hi ized small, sharp teeth
out million years ago, this crow-sized creature curving back.

walked and fluttered on tropical desert islands, now part
of southwest Germany. Feathers sprouted from its arms
and hands, its tail was long and feathered, and its big toes
pointed backward, much like a perching bird’s. Yet the
creature’s sharp teeth, clawed hands, bony tail core,
and many other features resemble a small carnivorous
dinosaur’s. Indeed two of the 10 fossils found
between 1855 and 2004 were at first misidentified as
Compsognathus, which shared the same islands.
The number of similarities between small
theropods and Archaeopteryx convince most
paleontologists that birds are simply a
kind of dinosaur that learned to fly.

Horn-tipped claws
on front of wings

Each long flight
feather had an
asymmetrical shaft.

ARCHAEOPTERYX
RECONSTRUCTED
Archaeopteryx’s skeleton hints at key
features inherited from increasingly
advanced types of theropods. Between
them these gave the first bird a mobile
head, sharp curved teeth, a long, slim
neck, shortened body, and a stiffened
tail. Other similarities included hollow
bones, long, folding arms,
three weight-bearing toes
per foot, and long,

FEATHER PRESERVATION

Fine-grained Bavarian limestone preserves
the delicate feather impressions of this
Archaeopteryx. Feathers probably evolved
in theropods from fuzzy down that helped grasping threefingered
keep the body warm, and the first long hands with swiveling
feathers may have been for show. But wrists. Even the
Archaeopteryx’s primary feathers were made
for flight — each had a shaft closer to one
edge than the other, as in flying birds today.

Abdominal
ribs as in
reptiles but not

wishbone and feathers in modern birds

were inherited from nonbird theropod
ancestors. In dinosaur terms, Archaeopteryx

Half-moon-shaped

Only such asymmetrical feathers are capable appears to be a maniraptoran related wrist bonefanpiacain
O.f flight. Long legs would have helped the to dromaeosaurids, a group of theropods hand for flight stroke
bird to leap off the ground, and arms and that included Velociraptor. =

wrists were adapted for flapping.

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299
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ARCHAEOPTERYX

TREES DOWN
OR GROUND UP?
Perched on a branch, this
reconstruction of Archaeopteryx
shows one way in which early
birds might have taken to the
air. Some scientists suppose it used
its claws to climb up trees, then
fluttered weakly back to the ground.
Yet the desert islands where Archaeopteryx
lived had no tall trees. Instead, perhaps it
ran after flying insects, leaped to catch
them in mid air, then stayed aloft by
flapping its wings. The downstroke
movement probably evolved from
the way its ancestors stretched out
their hands to grab at prey, but
took on a new role when
coupled with feathers.
Fluttering down or leaping
in the air, Archaeopteryx
could not have flown far
or fast — its breastbone was
too small to anchor strong
flight muscles.

Feathers sprouted
from a bony tail
core like that of
most dinosaurs.

Horny claws
helped to grasp
branches.

jTail core of 23 bones

— fewer than in almost
all nonflying dinosaurs -
reduced the bird’s weight.

Tail feathers
helped the bird
keep its balance
during flight.

Fully reversed
hallux (big toe),
as in all birds

Triassic 251-199.6

MESOZOIC 251-65.5 MmyAa

Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23
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STRANGE CLAWS

The young of a strange South American bird,
called the hoatzin, are born with claws on the
leading edge of each wing, much like those

of Archaeopteryx. If a snake scares them out of
their nest, they leap out and fall to the ground,
then claw their way back up the tree using their
fingers, toes, and beak. Some scientists believe
Archaeopteryx used the horny tips of its fingers in
a similar way, slowly hauling itself up trees until
it gained enough height to launch itself. Hoatzins
may be among the most primitive modern birds,
with no close living relatives, but they are still far
more advanced than Archaeopteryx.

ANCIENT WING

Scientific name: Archaeopteryx
Size: 2 ft (60 cm) long
Diet: Small animals

Habitat: Tropical desert islands

Where found: Western Europe

Time: Late Jurassic

Related genus: Perhaps Rahonavis

Neogene 23—present

CENOZOIC 65.5 mya—present
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EARLY BIRDS

FoRr MORE THAN A CENTURY after

the discovery of Archaeopteryx, no one
knew how such bony tailed, toothy, claw-
fingered, weak-winged “bird dinosaurs”
evolved into today’s beaked, toothless,

effortless flyers. Since 1990, though, new finds
of early fossil birds from Spain, China, and
elsewhere have helped solve this puzzle. The
first of these birds lived in Early Cretaceous
times, millions of years after Late Jurassic
Archaeopteryx. Cretaceous birds show step-by-

step changes that transformed the first

clumsy flappers into masters of the air. Yet

5

-®

CRETACEOUS BIRD RELATIVES
Late Cretaceous alvarezsaurids, such as Shuvuuia, were
long-legged, feathered, flightless, and had tiny teeth in
their beaks. Their ridged breastbones seem designed to
anchor flight muscles, and their wrist and hand bones
are fused together, as if to form a strong support
for flight feathers. These features at first led to
them being identified as a group of primitive
flightless birds, but they have now been
reclassified as close relatives of real
birds. Their forelimbs were absurdly
short and each ended in a single
massive finger with a powerful
claw. Some scientists suggest
that they used their claws to
open termite nests and feast
upon the grubs inside.

among these new fossil finds are strange birds
that branched off, forming once-successful lines
that petered out, leaving no descendants,
including the extremely varied enantiornithines
(“opposite birds”). Both of these groups died
out in the Late Cretaceous, about b million
years before the Age of Dinosaurs ended.

Legs set far back
made walking difficult.

Elongated body with
long, narrow hip bones

Cervical vertebrae
supporting very

Splintlike bones
bore tiny wings
incapable of flight.
Long, sharp,
narrow beak,

with little teeth

EARLY SEABIRDS
Hesperornis was an enormous, long-necked
seabird up to 6 ft (1.8 m) long, which hunted
fish in the shallow seas covering Late Cretaceous
Kansas. It had a big head and long beak armed with
small, pointed teeth. Unlike many other seabirds of
the time, Hesperornis had lost the ability to fly, and its
forelimbs had shrunk until only a pointed humerus
bone remained. Seabirds like this evolved from earlier
fliers to become powerful swimmers and deadly fish-
hunters. Their large back feet were probably webbed
for propulsion, and the stubs of their wings could

CONFUCIUS BIRD

Two long, showy
tail feathers
present on
presumed males.

Scientific name: Confuciusornis

Size: Up to 24 in (60 cm) long

Diet: Probably plants

Habitat: Lakeside forest
Where found: East Asia
Time: Early Cretaceous

Related genus: Changchengornis

have been used for steering.
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EARLY BIRDS

Presumed females
CONFUCIUS BIRD had a short tail
Confuciusornis was a magpie-sized bird that lived in Early
Cretaceous China, more than 120 million years ago.
It perched in trees, ate plants, and bred in colonies
of hundreds. Some of the birds (probably the males)
had long tail feathers, possibly for display, while others
(probably females) were smaller with much stubbier tails.
Confuciusornis flew more strongly than Archaeopteryx, but
showed a strange mixture of advanced
and old-fashioned features. Its clawed
fingers, flattish breastbone, wrists,
hips, and legs remind scientists of
Archaeopteryx. Newer features
included its deeper chest, strut-
shaped coracoid (a shoulder
bone), horny, toothless beak,
and a pygostyle — a shortened
tail core of fused bones. So
me scientists put Confuciusornis
in a group of birds called

Three fingers with
curved claws
projecting from
each wing

Toothless beak
covered by a

. h heath
the Pygostylia. orny sheat
. Flight feathers
Tail feathers grew e ror

from fused tail

bones. powered flight

Hallux (big toe)
reversed as in
living birds

Deepened breast
bone anchoring

strong flight )
muscles Thumb supporting

feathers used in
slow flight

DAWN LITTLE-WING BIRD

Described in 1996, sparrow-sized Eoalulavis from Early Cretaceous
Spain is the earliest known bird to have a tuft of feathers sprouting
from its thumb. Projecting from its main wing’s leading edge, this
tiny wing or “alula” kept Eoalulavis airborne at low speeds, helping
it to land and perch on trees. The alula was an important
innovation, found in birds today. Eoalulavis belonged to the
Ornithothoraces ("bird chests"), stronger and more maneuverable
flyers than Confuciusornis and its kin. Yet Foalulavis was on a side
Eoalulavis fossil in branch from the line of evolution that led to modern birds,
ultraviolet light and might not even have been warm-blooded.
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NEW BIRDS

ALTHOUGH THE REPTILES that we think of

as dinosaurs died out 65 million years ago,
their probable descendants — birds — survived.
Throughout the Cenozoic they evolved,
diversifying into different species suited for
life in almost all parts of the world. Today,
birds flourish — their 9,000 or so living species
outnumber mammal species nearly two to
one. But countless Cenozoic bird species did
not survive to the present day. Most are still
unknown, but all the Cenozoic fossil birds so
far discovered belong to the same great group
as present day birds — the Neornithes or “new
birds.” Their hallmarks are a toothless, horny
beak, fused limb bones, and an efficient, four-
chambered heart to aid rapid muscle movement
in flying. Extinct neornithines, however,
included flightless giants, strange waterbirds,
and also land birds unlike any still around.

Skin

Bone

Preserved Moa foot

FLIGHTLESS GIANTS
Subfossil bones like this moa foot have yielded
molecules revealing relationships between giant flightless
birds extinct for up to 1500 years. In 2001 scientists proved
that New Zealand’s moas, birds up to 11 ft (3.5 m) tall, and
Madagascar’s mighty elephant birds shared ancestors with
the still-living South American rhea, African ostrich, and
Australian emu. Such so-called ratites must have spread
through the southern continents before they were separated
by sea about 70 million years ago. Ratites represent

the Paleognathae (“old jaws”) — a less advanced type

of neornithine than the Neognathae (“new jaws”),

to which almost all other living birds belong.

Cambrian 542-488.3

144

Argentavis — wingspan
251t (7.6 m)

Andean condor -
wingspan 11 ft
3.2m)

FLYING GIANT

Discovered in 1979, Argentavis magnificens

(“magnificent Argentine bird”) was probably the largest

bird that ever flew. It had an enormous 25 ft (7.6 m) wingspan,
greater than was once thought possible for a flying bird, and
may have weighed as much as a jaguar. This vast bird was a
teratorn — a gigantic relative of the turkey vultures seen in

the Americas today. Like these, it possibly had a bare head
and neck for burrowing deep into a corpse without messing
up its feathers. Although huge, the feet of these birds were
extremely weak, so they would not have been capable of lifting
prey from the ground. Instead, they probably soared above
grassy pampas, swooping down on grazing flightless birds

and mammals to kill them on the ground, or feeding

from corpses of those that had already died.

Early illustration
of a moa and kiwis

Claw
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NEW BIRDS

Beak with strong, Broad, flat beak
sharp, hooked like a duck’s

upper mandible Presbyornis

Titanis may skeleton

have had an
ornamental
crest

with a ducklike head and bea f
certain skull features like a — Long, curved,
flamingo, and some limb - slender neck
bones like a shorebird.
Despite this confusing
mixture of ingredients, most
scientists group it with the
ducks, geese, and swans. It
probably waded in shallow, salty
Lower mandible lakes and fed much like a flamingo,
. ; much smaller by filtering algae from the water.
Head o \ than upper Presbyornis fossils are found
supported on 2 i worldwide, and this long-lived genus
a long neck = \ . may have first appeared in the age of
. : = the dinosaurs. However, it is best known
from North American fossils of around
50 million years ago, some in large
nesting colonies.

Long legs like
a shorebird’s

Clawed fingers
capable of
seizing prey

! \ Long toes to prevent
TERROR CRANE A o5 i % sinking in soft mud
The huge carnivorous Titanis (“giant”) 2 O &
was a phorusrhacid or “terror crane” — e = \ GIANT
one of a group of flightless birds that ' il
rivaled mammals as top predators in South

America for millions of years. Standing 8 ft

(2.5 m) tall, with a big head, powerful hooked

beak, and long legs with powerful talons,

Titanis was among the last phorusrhacids,

and crossed the Panama Isthmus into Pt Three-toed
North America when the continents S Lo foot capable
joined around 3 million years ago. e %géi'ggtak;ck
It probably hunted on open plains, 4 ol Scientific name: Titanis
seizing prey with wings that had : Size: 2.5 m (8 ft)

re-evolved digits tipped with huge L. iz P Diet: Meat

claws, before holding it down with : Sharp toe Habitat: Grassland

its feet and tearing out chunks of A %Z;’gf gg‘g‘rje Where found: North America
flesh with its beak. Titanis’s arms ' : wounds. Time: Neogene (Pliocene)
are unique - earlier phorusrhacids Related species: Ameginornis, Phorusrhacos

had stubby, useless wings.
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TITANIS

Four million years ago on a Central American plain,
the primitive horse Hipparion flees from the sudden
appearance of the area’s most formidable predator
out of nearby pampas grass. As Hipparion bolts, the
8-ft (2.5-m) Titanis turns in pursuit, arms outstretched
with two vicious claws ready to seize the hapless little
horse. Despite weighing more than 330 1b (150 kg),
Titanis is surprisingly agile, with powerful legs capable
of bringing down even the fastest prey. When North
and South America link up, and North American
wildlife floods south, Titanis will be the only major
predator to make the journey in the opposite
direction, surviving until perhaps 400,000 years ago.

X
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INTRODUCING SAUROPODOMORPHS

THE LIZARD-HIPPED OR SAURISCHIAN DINOSAURS were All sauropods had at least
divided into two great groups — theropods, which gave 44 caudal vertebrae

rise to birds, and sauropodomorphs (“lizard-foot forms”). s famous

reconstruction shows

Sauropodomorphs had small heads, teeth shaped for Apatosaurus’s tail
: : dragging on the
cropping plants, long necks, and roomy bodies for ground. In fact

digesting large amounts of low-quality leaty foods. Most it was probably
possessed large thumb claws, evolved from small bipedal carried horizontall.
ancestors. By Late Triassic times there were already two
types of sauropodomorph: prosauropods (“before the
lizard feet”) and sauropods (“lizard feet”). Prosauropods
ranged from small two-legged forms to great four-legged
beasts. Sauropods were immense herbivores propped up by
pillarlike limbs, with stubby feet and hands much like those
of an elephant. They included the largest, heaviest animals
that ever lived on land. Both groups spread around the
world — prosauropods perhaps evolved first, but died
out in Middle Jurassic times. Sauropods persisted
almost right through the Age of Dinosaurs.

Thick bones,
supporting
pillarlike limbs

Narrow track

PROSAUROPODS LTRIN made by a
L . - - sauropod'’s
Scientists have disagreed about s -V o erect limbs

exactly which anatomical
“ingredients” set prosauropods

apart from sauropods. A list of key Small,

prosauropod features drawn up in saw-edged,

1990 included small, “saw-edged,” leaf-shaped

leaf-shaped teeth, a skull half as long front teeth

as the thigh bone, and jaws hinged Fossilized
below the level of the upper teeth. sauropod
They also had broad pubic hip bones footprint left

forming a kind of apron, large, in soft ground

pointed thumb claws, and traces of
tiny fifth toes on the feet. Some
scientists believe prosauropods
could also have had a horny
beak and fleshy cheeks.

Sternal plates
; form a heart-
Tail has about 50 )
caudal vertebrae. shaped shield.
HOW SAUROPODS WALKED
Scientists used to think that the heaviest
sauropods must have lived in lakes and
Y Large strong, swamps, buoyed up by water. Finds of
i 1] Broad foot curved thumb fossil footprints have disproved this old
}’V’th ;our claw idea. They also show quite narrow tracks,
i ong toes proving that sauropods walked with limbs
Paired pubic N, erect beneath their bodies, like cows or
: Wy Lufengosaurus >
bones project !?‘Q‘-“‘ = sktj:le'tgon elephants, not sprawling to either side

like an apron. like the limbs of lizards and turtles.
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INTRODUCING SAUROPODOMORPHS

Eleven or fewer

dorsal vertebrae . ; .
At least 12 cervical Nostril openings far

vertebrae reinforcing back on the skull
the long neck

KEY SAUROPOD FEATURES
Apatosaurus (“deceptive lizard”) was a diplodocid, or double-beam,
sauropod, also known as Brontosaurus (“thunder lizard”). The
diplodocids are named after the dual extensions on the chevrons
of their tail vertebrae, but they also display distinctive features
seen in other sauropods. Many of these affect the dinosaur’s
overall shape. Sauropods “borrowed” back vertebrae to extend
their necks, resulting in at least 12 neck bones, but just 11 or
fewer back vertebrae. These bones’ neural spines were
typically V-shaped, to cradle a strong ligament that helped to
raise the weight of the neck and head. The columnlike limbs
were also adapted to bear huge weight — ankles were cushioned by
springy cartilage; and they had a full set of five fingers on each hand,
but the number of bones in each digit was reduced. Sauropods walked
on their toes with palms raised, and a fleshy pad supporting most of
the weight. Their thumbs and three toes bore large claws. Sauropod
teeth also show tell-tale wear marks made by biting off leaves, and
their skulls have large nostril openings far back on the head.

Broad, short,
stubby foot bones

Large thumb
and toe claws

DID SAUROPODS REAR?
Prosauropods could certainly
reach to nip at high leaves, but
could the immense sauropods
also stand on hind legs? In
this model for a museum
display, a Barosaurus rears to
protect her young one from

a marauding Allosaurus,
preparing to stamp down

on the predator or lash at it
with her tail. However, some
scientists still doubt whether
sauropods could have
pumped the blood so
high to their brains,
or whether mothers
took care of their
young like this.

Adult Barosaurus might DECEPTIVE LIZARD

have raised its head
up to 50 ft (15 m).

Young Barosaurus
shelters behind T
its mother.

Scientific name: Apatosaurus

Size: 69 ft (21 m) long

Diet: Plants

Habitat: Floodplain

Where found: North America

Time: Late Jurassic

Related species: Barosaurus, Diplodocus
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PROSAUROPODS

THE PROSAUROPODS (“BEFORE SAUROPODS”) thrived
between about 230 and 178 million years ago. They were
among the first plant-eating dinosaurs, and the first land
animals tall enough to browse on trees. Various groups
evolved, with species ranging from creatures lighter than
a man and walking on their hindlimbs to ponderous
four-legged giants — the first dinosaurs to grow as heavy
as an elephant. However, they all shared certain key
features, including a small head, long neck, heavy body,
long tail, and huge, curved thumb claws. Their size and
adaptations for feeding on available vegetation made the
prosauropods hugely successful — they probably lived all
over the world, and came to outnumber all other large
land animals. Eventually, though, they were replaced MOUSE LIZARD

by their possible descendants, the even more huge Prosauropod nests have been found, proving that

and specialized sauropods. some young hatched from surprisingly tiny eggs,
often no larger than a small songbird’s. However,
even such sparrow-sized hatchlings could eventually
grow into adults weighing about 260 1b (120 kg).
This discovery was made in Argentina, where
paleontologists unearthed the nest, eggshells,
and five little hatchlings of a prosauropod
they called Mussaurus (“mouse
lizard”), which may in fact be
babies of a previously
described species.

Mussaurus hatchling

Jaws contained
many small, flat-
sided teeth.

Teeth snipped off
leafy twigs with a
powerful bite.

Plateosaurus hand

LONG THUMB CLAW
Plateosaurus’s forelimbs had H heath
five digits of varying lengths — omy shea
covering
two short outer fingers, two thumb claw
much longer middle fingers,
and a huge curving thumb.
This claw was so long that it
would have got in the way
while walking on all fours, and
probably had to be held off the
ground. It would have made
a formidable defensive weapon
for jabbing at attacking theropods.
With the rest of the hand, this claw
Second could also have grasped tree trunks
digit’s long, for support or pull down branches as
curved claw Plateosaurus reared to nibble the leaves.

Long, sharp, bony
core of the thumb
claw

Thumb claw held
clear of the ground
when walking
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PROSAUROPODS

Hollows in spinal
bones cut down
their weight.

Large gut probably

filled with bulky
plant food FLAT LIZARD

Limb bones were solid
and heavy.

BUS-LENGTH

BEAST

Riojasavrus was

one of the largest . Scientific name: Plaleosaurus
prosauropods, and one of the first truly large dinosaurs. Size: 2026 ft (6-8 m) long

A heavy quadruped that could grow up to 36 ft (11 m)

long, one calculation puts its weight as great as 5 tons Diet: Plants

(4.5 tonnes). As prosauropods grew larger, the great Habitat: Floodplains
weight of intestines in front of their forward-sloping ) Where found: Western Europe
hip bones helped to make them front-heavy, eventually Long tail, deep Time: Late Triassic

near its base

forcing them to spend their whole life on all fours.

Related genera: Coloradisaurus, Sellosaurus

The tail tapered
toward the end.

FLAT LIZARD
Plateosaurus, (“flat lizard”), one of the best-known
prosauropods, was found widely in Western Europe.

It grew up to 26 ft (8 m) long, with strong arms and
hands. People used to think that these helped to
support a share of its weight, and that Plateosaurus
stood and ambled along on all fours. But, in 2007, it
was discovered that its palms could not face down,
meaning that Plateosaurus had walked on two legs,
balanced by its long, strong tail. By rising and craning
its elongated neck, it could crop tree leaves beyond
the reach of other animals. Plateosaurus’s small skull
was equipped with saw-edged, leaf-shaped teeth for
chopping up these leafy foods and a low jaw joint
designed to give a powerful bite. The teeth were set in
slightly from the jaw rim. The flexible neck led to a
long ribcage containing a long gut to process bulky
plant food, with the help of swallowed stones to grind
it to a pulp.

Sturdy toes bore
most of the weight.

Toe claws were
short but strong.

Neogene 23—present
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EARLY SAUROPODS

SAUROPODS (“LIZARD FEET”), THE LARGEST DINOSAURS of all, probably
evolved from ancestors no bigger than a dog, yet some very early Some tail bone chevrons
sauropods were already sizeable. Isanosaurus (“Isan lizard”) from are shaped p’:‘ég;gzze of
the Late Triassic of northeast Thailand, around 220 million years '
old, had thigh bones nearly twice as long as human thighs.
Another early sauropod, Vulcanodon (“volcano tooth”) from Early
Jurassic Zimbabwe, measured 20 ft (6.5 m), as long as a large
crocodile. Other early sauropods included India’s Barapasaurus
(“big leg lizard”), Europe’s Cetiosaurus (“whale lizard”), and
China’s Shunosaurus (“Shuo lizard”). At up to 60 ft (18 m) from
snout to tail, the biggest of these Early to Mid Jurassic dinosaurs
matched the length of a large sperm whale. Between them,

finds of fossil bones and footprints indicate that sauropods

had spread worldwide by the beginning of .
the Jurassic Period. v
St L ol ] Relatively short and
e e & II x deep tail, shown here
) trailing on the ground,
but probably carried
This model skull is guesswork The neck bones’ off the ground in life

— no Cetiosaurus skull is
known with certainty.

design made them
rather inflexible.

WHALE LIZARD
Cetiosaurus was a Mid Jurassic sauropod first
discovered in England in the early 1800s. In 1

841 it became the first sauropod to get a scientific
name. Paleontologist Richard Owen, who named
it, knew this was a giant reptile, but its fossil
vertebrae were huge and spongy, somewhat

like a whale’s. Owen thought the creature might
have swum in the sea. Later finds revealed that
Cetiosaurus had been a land animal up to 60 ft

(18 m) long, and as heavy as several elephants.
This rather primitive sauropod’s weight was
largely in its heavy limbs and vertebrae.

Pubic bones
probably helped to
support the large,
heavy gut.

bones in this
reconstruction
are real — others
were invented.

STIFF-NECKED CETIOSAURUS

Most reconstructions have pictured Cetiosaurus as a
swan-necked treetop browser. In fact the dinosaur’s stiff
neck stuck straight out, counterbalanced by a raised tail,
and Cetiosaurus could not raise its head much higher than
its shoulders. However, it could lower its head to drink, or
swing it in an arc 10 ft (3 m) across to crop fern fronds or
small, leafy trees. This sauropod roamed low-lying shores
of an ancient sea that covered much of England.
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Shoulder blade —
two fused bones,
the scapula and

coracoid

Skull, one of the few
kinds of sauropod
skulls to survive

Neck relatively
short for a
sauropod

SHUO LIZARD
Shunosaurus from Middle Jurassic China grew about
33 ft (10 m) long. Early sauropods like this already show
the basic characteristics of small head, long neck and tail,
deep body, and pillarlike legs, but these were not yet fully
developed. Their necks and tails were relatively short, fewer
vertebrae had fused to their hip bones to help support the
body, and their spinal bones were not yet deeply scooped
out to reduce weight. Shunosaurus had only 12 neck bones,
13 back vertebrae, 4 vertebrae fused with its hip bones, and
44 bones in its tail. Later, larger sauropods had many more
vertebrae — for instance, Apatosaurus had nearly twice
as many tail bones. Finds of many Shunosaurus fossils,
some almost complete, make this among the best-
known of the sauropods. Some skeletons show
that the last tail bones were fused together and
swollen to form a club. Like an ankylosaurid
- dinosaur, Shunosaurus could have swung
ge foot , o . . .
with long, its tail as a formidable defensive weapon.
deep claws

\ — —— Neural /

i spines
f

f

J 5 v n,ﬂ__.h
‘3 = 4 P i /e SHUO LIZARD

il
\ F
2 4 . \
. r\ ! Zygapophyses Y
T—— Centra_— "4

CHANGING VERTEBRAE L
A rather solid, heavy Cetiosaurus spinal bone (above right) Scientific name: Shunosaurus
contrasts with a Brachiosaurus dorsal vertebra (above left). Size: 33 ft (10 m) long
Brachiosaurus was a later, more advanced, type of sauropod. Diet: Plants

In Brachiosawrus, any bone not needed in the centrum has Habitat: Floodplain
been lost, but the neural spine and zygapophyses are long -

and strong. In more advanced sauropods, bone growth Where found: East Asia

was concentrated along the lines of greatest stress, like Time: Middle Jurassic

the steel tubes of scaffolding. Related genera: Datousaurus
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DOUBLE BEAMS

THE prrLopocips (“DOUBLE BEAMS”) were immense four-
legged sauropods. They had small heads shaped much
like a horse’s, and peg-shaped teeth only at the front

of the jaws. Their front limbs seem ridiculously short,
but all four legs were built like an elephant’s in order
to support the heavy body. An incredibly long neck

was balanced by an even longer tail that tapered to a
slender “whiplash.” Diplodocids get their name from
twin extensions called chevrons in the bones of their
middle tail. These “double beams” may have protected Scientific name: Barosaurus

HEAVY LIZARD

the blood vessels in their tails if they pressed down on Size: 89 ft (27m) long

. S Diet: Plants
the ground for the animals to rear. Similar chevrons are . .
Habitat: Floodplain

found in some othe'r sagropgds, perhaps ClOSC' relatives. Where found: North America
Almost all diplodocids lived in the Late Jurassic. The Time: Late Jurassic
best known, such as Apatosaurus, Diplodocus, and Related genera: Apatosaurus, Diplodocus

Seismosaurus, are from the western United States.

e o=~ T Ten tall dorsal vertebrae

= Pl formed the spinal bones
e
. on the back.
DOUBLE BEAM S e . Chevrons
N bl e B T

Diplodocus grew longer than

a tennis court, yet weighed no
more than two large elephants. Most of its 5
length came from its slender neck and tail, and : AR ERE
deep hollows in the spinal bones reduced their
weight. New calculations suggest that this huge
creature could not lift its long, stiff neck much
higher than its shoulders. Instead of browsing on
high leafy twigs, as most people imagine, it would
have grazed low-growing ferns. Standing in a fern
meadow, Diplodocus could have swung its neck
from side to side, stripping the fronds with its
peg-shaped teeth. Swallowed stones may then have
helped to mash the fronds up inside its stomach.

Tt e e L RN

e -

At least 80 caudal
The straight, slim vertebrae made up
femur was shaped the tail’s core.

like a stove pipe.

Thirty rodlike bones
formed the tail’s Barosaurus’s
“whiplash” end. center of gravity

was near its hips.

Front limbs were
short compared
to the hindlimbs.

Bones just like
Diplodocus’s
supported the limbs.

]
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-~ DOUBLE BEAMS

DECEPTIVE
LIZARD
Apatosaurus grew
nearly as long as
Diplodocus, but
became far
heavier — as heavy |
as four or five !
elephants. Much of ,ﬂ\ ;
its weight lay in its

thick heavy bones, and it is equally

well known as Brontosawrus (“thunder lizard”) for its supposed
stomping walk. In fact, fossil bones named Brontosaurus turned
out to match those from the already named Apatosaurus.
Another error involved the creature’s head, which was not
discovered for many years. People mistakenly believed
Apatosaurus had had a box-shaped skull like Camarasaurus’s,
but when a real Apatosaurus skull was finally unearthed, it was
long and low, with peg-shaped teeth, like Diplodocus’s.

“Stretched” bones
supported the
neck.

Comparatively
tiny head

HEAVY LIZARD

Triassic 251-199.6

MESOZOIC 251-65.5 MmyAa
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Very long bones in
the neck

EARTH-SHAKING LIZARD
Seismosaurus (“earth-shaking
lizard”), from New Mexico, has
been called the longest dinosaur
of all, probably measuring around
110 ft (34 m) and weighing up to
33 tons (30 tonnes). The Late
Jurassic rocks that this monster
came from have yielded other
North American diplodocid
giants. Amphicoelias and
Supersaurus may have been

even longer and heavier

than Seismosaurus. The

’ skeletons of all three
i " genera are very
By incomplete, though, and
two or more kinds of
diplodocid may eventually
prove to be just one.
Recent discoveries suggest
that even larger sauropods
may have evolved in
Cretaceous South America.

Tail contained
diplodocid-type
vertebrae.

The flexible tail
may have cracked
like a whip.

At up to 89 ft (27 m) long, Barosaurus had a strong resemblance

to Diplodocus, but with one important difference. One third of this
creature’s length was made up by its amazingly long neck. Barosaurus
had the same number of neck vertebrae as Diplodocus (fifteen),

but each was remarkably stretched to create an astounding reach.
Strangely, while diplodocid necks were longer than those of other
sauropods, their forelimbs were shorter. If these giants grazed only
on all fours, this would have limited their reach, but if they could
rear on their hindlegs, then reduced weight in the front of the body
would have been an advantage. Barosaurus is therefore one of the
best arguments for this kind of behavior — at full stretch, a rearing
Barosaurus could hold its head 49 ft (15 m) above the ground.

Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23

Neogene 23—present
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DINOSAURS AND BIRDS

CHAMBERED LIZARDS

(CAMARASAURUS (“CHAMBERED LIZARD”) gets its name from
the roomy hollows in its backbone that helped to limit
the weight of this sturdy creature. Camarasaurus lived in
Late Jurassic western North America. Fossil hunters in
Colorado, Wyoming, and Utah have found the remains
of individuals ranging from babies to adults. The tiniest
fossil belonged to an embryo 3 ft 3 in (1 m) long that Deeply hollowed
was almost ready to hatch from an egg smaller than vertebrae in back
some birds’ eggs. This was the first sauropod embryo
ever discovered. Outside North America, close relatives
of Camarasaurus appear to have lived in what
are now Portugal and Spain.

Less closely related sauropods that /
reputedly share similar features Al
with Camarasawrus lived 0
as far away as Mongolia,
China, and Thailand.

A,

Barrel-shaped
ribcage

BONY SCAFFOLDING

Scientists know more about this
dinosaur’s skeleton than almost any
other sauropod’s, thanks to its many
fossil remains. Camarasaurus had a high
skull that was short from front to back. Its
vertebrae included 12 short neck bones with long,
straight ribs that overlapped those behind to stiffen
the neck. There were also 12 back bones, five
sacral vertebrae fused to the hip bones,
and 53 tail bones. The weight-
bearing bones of each
limb ended in

stubby digits. i e "tm
- R =

T & ." 4,
gyl fet A
p=n 1A

Moderately short,
but sturdy tail

Massive hindlimbs, with
clawed toes supported
by a fleshy pad.

&% -2
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CHAMBERED LIZARDS

LIFESTYLE

Camarasaurus adults probably fed below shoulder height, swinging their Short, blunt, deep

strong necks stiffly sideways and down to strip tough leaves from shrubby head, with eyes and
. . . : nostrils far back

trees with their teeth. Young camarasaurids seem to have eaten plants with

softer leaves. Signs of wear on the teeth of adult camarasaurids hold clues

to this sauropod’s diet. They hint that an adult Camarasaurus ate more
abrasive plants than sauropods such as Diplodocus. This would have
meant that both types of sauropod could have lived in the
same place at the same time without competing for
food. Perhaps camarasaurid young shared the
diplodocids’ diet because they could
not yet digest tough leaves.

Shoulders perhaps higher
than most sauropods’

Antorbital fenestra (“window in
front of the orbit”) — an air-filled
hole in the skull found in most
dinosaurs and other archosaurs

BOXY SKULL
Camarasaurus’s short, deep skull
had a muzzle that was blunt
like a bulldog’s. Its orbits, or eye
sockets, lay far back in the head,
where the tiny braincase was also
located. The nares — two holes for
the nostrils — were set high up in
front of the eyes. Only slim, bony struts
separated these sockets and holes, but the
jaw bones provided solid supports for the
deeply rooted, spoon-shaped teeth that ran
around Camarasaurus’s mouth. Below each
orbit, muscles that worked the jaws bulged from
a skull hole called an infratemporal fenestra,
or “window below the temporal bone.”

CHAMBERED LIZARD

Forelimbs ending
in short, stubby
toes with sharp
thumb claws

Scientific name: Camarasaurus
Size: 59 ft (18 m) long

Diet: Plants

Habitat: Floodplain

Where found: North America
Time: Late Jurassic

Related genera: Possibly Aragosaurus

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23
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DINOSAURS AND BIRDS

ARM LIZARDS

Long, PILLARLIKE FORELIMBS earned Brachiosaurus (“arm lizard”)
its name and gave it a back that sloped steeply down to its
hindquarters. This high-shouldered sauropod was built like
a mighty giraffe. With a long neck much like the boom of
a crane, Brachiosaurus could lift or lower its head to browse
on tree leaves or fern fronds. This giant plant-eater’s fossils
crop up in the Late Jurassic rocks of western North America,
southern Europe, and east Africa. Similar sauropods have been
said to include Cedarosawrus, Dystylosaurus, and Sauroposeidon. There
are more supposed brachiosaurids (“arm lizards”) but some seem to
have been more closely related to Brachiosaurus than others. Many
sauropods are known from so few bones that comparing their
relationships is often difficult.

A DINOSAURIAN GIRAFFE
Powerful muscles might have raised

) Brachiosaurus’s head 43 ft (13 m) high,
gg?;%;lfgi gggle making it more than twice as tall as a giraffe
(thigh bone) and high enough to peer over a four-story
building. Brachiosaurus was not the longest
of dinosaurs, but it was probably among
the heaviest. One expert estimated that it
weighed 76 tons (78 tonnes) — as much as
13 African bull elephants — although others
have put its weight lower, at 31-46 tons
(32-47 tonnes). Certainly, the hollows
in its vertebrae and the air spaces
in its ribs helped to lighten some
of its bones. However, its thick-
walled limb bones were
immensely heavy.

PILLARLIKE LIMBS
As long as a very tall man and massively
thick, the Brachiosaurus femur (thigh
bone) was one of the largest, strongest,
and most solid of the bones in its
body. Brachiosaurus’s upper arm
bones were even longer than

its thigh bones — unusual for

a sauropod. The scientist who
described Brachiosawrus initially
mistook one of its upper arm
bones for a femur.
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ARM LIZARDS

Nasal opening

Orbit

HIGH-DOMED SKULL
Brachiosaurus’s oddly shaped skull
had a tall, curved, bony strut that

separated the nostrils, which opened
high and far back on its head. The
nostrils’ lofty position enabled this
sauropod to breathe while it ate,
without getting leaves in its nostrils.
Brachiosaurus’s muzzle was long

and low, and the strongly
built jaws were rimmed
with large, spoon-shaped
teeth. Brachiosaurus bit off
mouthfuls of vegetation,
which it then swallowed
whole, perhaps to

be mashed up by stones

in its gizzard — a chamber
in its digestive system — and
chemically broken down by bacteria
in its intestines. Behind the orbits
that contained its eyes lay a small
braincase. A tiny brain was enough
to work this huge eating machine.

Braincase
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Deeply hollowed ",

neck vertebra 4 / J
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Strong, spoon-shaped
teeth for cropping leaves

INTERNAL ANATOMY

A scaffolding-like bony frame supported Brachiosaurus’s
body. Its skeletal parts included a high-domed skull, 13
neck bones, 11 or 12 dorsal vertebrae, and five vertebrae
joined to its hips. The limbs ended in short, stubby

Neck muscles

ARM LIZARD

r . .

il

Scientific name: Brachiosaurus

hands and feet, which were much like an elephant’s.
Pumping blood to Brachiosaurus’s brain was a huge,
but not impossible, problem. A strong heart

forced out blood at high pressure, and valves
prevented the blood from falling back down

the long neck. The arteries that carried

Size: 82 ft (25 m)

blood to the brain were probably thick

Diet: Plants

and springy, to prevent them from

Habitat: Open woodland

bursting under the

Where found: Africa, Europe, America

strong blood flow.

Time: Late Jurassic

Dorsal vertebra

Related genus: Cedarosaurus

Relatively short, thick
tail carried far off
the ground

Heart

|I_r

Some studies hint that
Brachiosaurus might
not have been able to
raise its neck straight up.

Shoulder blade

1 Ulna and radius
in forearm

L]
i -
& " Internal anatomy of Brachiosaurus

Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23
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DINOSAURS AND BIRDS

GIGANTIC LIZARDS

HucE BONES EARNED TITANOSAURS (“gigantic lizards”) a name

borrowed from the Titans — giants in ancient Greek mythology. In “Garden rake” tooth

the 1990s, paleontologists described colossal bones from a titanosaur feature in this
called Argentinosaurus, which some scientists believe was the largest planosaurs
rachiosaurus-

dinosaur of all. Despite their name, many titanosaurs were small like jaws.
sauropods — some measured less than 40 ft (12 m) long. Their

distinctive neck, back, and tail bones led palacontologists to decide

that titanosaurs were different from the rest of the sauropods. The

Late Cretaceous was a time in which the titanosaurs flourished. More

than 30 kinds of titanosaur were found in places as far apart as

Europe, Africa, Asia, India, and North America, but the most

significant titanosaur fossil finds have come from South America.

Bony scutes formed part
SALTA LIZARD platod Satasaunus's back
First discovered in Argentina’s Salta Province,
Saltasawrus was a fairly small titanosaur. It had stocky
limbs, a whiplash tail, and bony studs set in the skin of
its back and sides. Other features included a single
bony spine that rose from each neck vertebra,
an extra vertebra in the hip girdle, and tail
bones with ball-and-socket joints. Like most
sauropods, Saltasaurus probably ate low-
growing ferns and maybe browsed
on tree leaves out of reach of
smaller herbivores with
shorter necks.

The muscular tail with
interlocking bones
might have helped
prop up Saltasaurus’s
body if it reared.

Saltasaurus may have
reared on its hind limbs
to feed on high vegetation.
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GIGANTIC LIZARDS

MISSING HEADS

For many decades, fossil hunters dug up

titanosaur bones without ever discovering a

skull, so no one knew what a titanosaur head Saltasaurus’s head
looked like. Finds of peg-shaped teeth, like those resembled that of
of Diplodocus, suggested that the head was low Brachiosaurus.
and resembled that of a diplodocid. In 1996,
however, the paleontologist Rubén Martinez
stumbled upon a complete titanosaur
skull. It had nostrils placed high
above the eyes, and a long, low
muzzle with jaws rimmed
by long teeth.

Titanosaur skull

BONY BACKS
For years, paleontologists
believed that the bony lumps
discovered with titanosaur
fossils came from armored
ornithischians. The 1980
description of a Saltasaurus’s
fossilized skin proved that
titanosaur sauropods also had
armor. Saltasaurus had two
types of armor. Close-packed,
peassized lumps toughened its
skin, while scattered, fist-sized,
bony plates guarded its sides.

Bony neck tendons
suggest that Saltasaurus
could not lift its head much
above shoulder height.

DISCOVERING EGGS
In 1998, paleontologists described dramatic finds SALTA LIZARD
of sauropod fossil eggs. At Auca Mahuevo, western
Argentina, scientists found thousands of crushed,
round eggs — as big as an ostrich’s — scattered across
a vast nesting ground. Besides
containing tiny bones, some eggs
also held bits of fossilized scaly
skin. Pencil-shaped teeth proved
that the eggs’ embryos were
sauropods. They were probably
titanosaurs — the only
sauropods to live
in Argentina in the
Late Cretaceous.

Scientific name: Saltasaurus

Size: 40 ft (12 m) long

Diet: Plants

Habitat: Lowlands

Where found: South America

Time: Late Cretaceous

Related genera: Avgentinosaurus, Neuquensaurus

Cluster of
sauropod eggs

Scientist excavating eggs
at Auca Mahuevo

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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DINOSAURS AND BIRDS

JURASSIC BROWSER

Small herds of brachiosaurids roamed riverside
forests of conifers, cycads, and ferns that grew

in the warm, Late Jurassic climate. Brachiosaurus
stood at the edge of woods, swinging its long neck
to reach the leaves of tall trees. Lowering its neck,
the massive creature grazed on fronds of low-
growing ferns. A dinosaur as large as this needed
a lot of plant food to survive, so Brachiosaurus
probably spent most of its time eating.
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BRACHIOSAURIDS
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DINOSAURS AND BIRDS

ORNITHISCHIANS CLADOGRAM

THE “BIRD-HIPPED” DINOSAURS called ornithischians include the
armored stegosaurs, the horned ceratopsians, and the duck-billed
hadrosaurs. All ornithischians share key features of the jaws and

teeth that allowed them to crop and chew plants efficiently. Advanced
ornithischians, especially the hadrosaurs, became highly modified

for chewing plants. They evolved hundreds of self-sharpening teeth
and special skull hinges that helped them grind their teeth together.
All ornithischians probably evolved from a bipedal ancestor similar

to Heterodontosaurus, one of the most primitive ornithischians.

All ornithischians descended
from long-legged, bipedal
ancestors, such as
Heterodontosaurus.

In stegosaurs such as
Stegosaurus, the armor
plates were arranged in
two rows along the
midline of the body.

HETERODONTOSAURUS

ORNITHISCHIA
Predentary bone

PREDENTARY BONE
Grooves on the predentary
bone’s hind margins allowed
the two dentary bones in the
lower jaw to rotate slightly.
This let ornithischians rotate
their tooth rows and thereby
chew their food.

Skull and jaws of Cretaceous
ornithischian Quranosaurus
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The predentary bone
is a single U-shaped
bone that is covered
in life by a horny beak.

THYREOPHORANS

Row of scutes
on body

GENASAURIA
Tooth row inset
from jaw margins

Inset tooth rows

ROW OF SCUTES
Thyreophorans had armor
plates in rows along their
bodies. Early thyreophorans
were fast, partially bipedal
dinosaurs, but advanced
forms had short feet and
were slow-moving animals
that relied on body armor
for defense.

cute /l/;;j - -C

=ty

Cretaceous ankylosaur
Edmontonia

Skull and jaws of Jurassic
ornithopod Heterodontosaurus

INSET TOOTH ROW

The Genasauria are united by
having chewing teeth that are
set in from the side of the
face. Heterodontosaurus showed

this feature and yet seems
primitive in other ways.
Perhaps all ornithischians had
an inset tooth row.
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ORNITHISCHIANS CLADOGRAM

Iguanodon and other
advanced ornithopods
were large and may have
walked on all fours.

ORNITHOPODS

CERAPODA
Asymmetrical enamel
on cheek teeth

ASYMMETRICAL ENAMEL
Cerapods had a thicker layer
of enamel on the inside of
their lower teeth. The teeth
wore unevenly with chewing
and developed sharp ridges
that allowed cerapods to
break down tougher plant
food than other dinosaurs.

Thick enamel
layer

Unerupted tooth

5 Inside of the

/ 4 lower jaw

o Y . 7 /!
e i g~
P ’f\ Bone of lower jaw

Section through hadrosaur jaw

Stegoceras belonged to a
group of pachycephalosaurs
that had thick, rounded skull
domes, which were probably
used in display and combat.

PACHYCEPHALOSAURS

MARGINOCEPHALIA
Shelf on back of skull

Stegoceras skull

SHELF ON BACK OF SKULL
A bony shelf that jutted out
from the back of the skull

is the key characteristic that
unites the marginocephalians.
It only developed when the
animals became sexually
mature, and may have
evolved for use in display.

Bony shelf

Triceratops

CERATOPSIANS

Rostral bone

ROSTRAL BONE

Ceratopsians — the horned
marginocephalians — are united
by the presence of the rostral
bone. This toothless structure
formed an enlarged cutting area
on the beak. Early ceratopsians
were about 3 ft 3 in (1 m) long,
but Late Cretaceous forms were
as big as the largest elephants.

Skull and jaws of Cretaceous
ceratopsian Triceratops

The rostral bone grew at
the tip of the upper jaw and
formed a powerful beak.

ORNITHISCHIAN EVOLUTION

Despite descending from similar ancestors, the different
ornithischian groups evolved distinct modes of life. Thyreophorans
walked on all fours, while ornithopods diversified as small, bipedal
(two-legged)runners. Large, partly quadrupedal ornithopods with
widened beaks evolved late in the Jurassic. Marginocephalians date
from the Mid Jurassic. Pachycephalosaurs and primitive ceratopsians
remained bipedal, while the advanced Cretaceous ceratopsians

walked on all fours.
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DINOSAURS AND BIRDS

SMALL BIPEDAL PLANT EATERS

DuURrING THE JURASSIC PERIOD, several types of two-legged ornithischian (“bird-
hipped”) dinosaurs evolved. Early kinds were no bigger than a dog, but later
some grew to lengths of 30 ft (9 m). They walked on hindlimbs much longer
than their arms and had horny beaks and ridged teeth for crushing leafy plant
food. Scientists, unsure how some of the small early forms were related to one
another, grouped most kinds

together as ornithopods, or Zgi]lehnzzda:/gh
s . . y
“bird-footed” ornithischians. strong jaws

Level back balanced

those of a bird, with three = by a long tail

large, forward-pointing
toes tipped with claws or
blunt nails. Without daggerlike teeth
or talons to defend themselves, most
ornithopods ran away from danger and
some were among the fastest of all dinosaurs.

Their hind feet resembled | 3 ' .

LESOTHO LIZARD
The dog-sized early plant eater Lesothosaurus, which lived in
Lesotho and South Africa in Early Jurassic times, is too primitive
to be classified with the true ornithopods. Its jaws moved only up
and down, not side to side, so it is likely to have fed by slicing
rather than grinding leaves. With long sprinter’s shins, the animal
could race away from its enemies at high speeds. At other times,
Lesothosaurus would have gone down on all fours to eat
low-growing plants, raising its head frequently to watch out for
sneaky predators.

Five-fingered
hand with tiny
fifth finger

HIGH RIDGE BROWSER
Hypsilophodon (“high ridge tooth”) was named for its grooved,
high-ridged cheek teeth, which made it very efficient at
chewing tough Cretaceous vegetation. Its jaws hinged below
the level of the teeth, giving it a strong bite, and as its upper
jaws moved out, the lower jaws moved in, with the result that
upper and lower teeth constantly sharpened one another.

This 5 ft (1.5 m) long animal lived in
North America and Western Europe.

Feet as long as
the shins, designed
for sprinting

Long, lightly-built legs

Short arms with
stubby fingers
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SMALL BIPEDAL PLANT EATERS

DIFFERENT-TOOTH LIZARD
LESOTHO LIZARD A typical plant-eating dinosaur had a toothless beak, and its
cheek teeth — used for grinding up plants — were all of one type.
Heterodontosaurus (“different-tooth lizard”) was very different because
it had three distinct types of teeth. Sharp upper incisors bit against
a horny toothless beak in the lower jaw; ridged, high-crowned cheek
teeth ground leafy plant foods to pulp; and long,
curved upper and lower canines were used to
deter and attack enemies and were displayed
in fights between Heterodontosaurus males.
The animal shut its jaws in a way that
made the upper and lower cheek
Scientific name: Lesothosaurus teeth slide over one anpther to

- - produce a grinding action. It
Size: 3ft 3in (1 m) long may have stored unchewed
Diet: Plants food in cheek pouches.
Habitat: Semi-deserts

Where found: Southern Africa, Venezuela

Time: Early Jurassic Long sharp canines with

Related genera: Possibly Scutellosaurus incisors to the front and
cheek teeth to the rear.

The pattern of teeth is
similar to that seen
modern mammals.

Tail stiffened by
bony tendons

Large gut to digest
fibrous plants

DRY PLAINS RUNNER

Heterodontosaurus lived in the Early Jurassic
and was about the size of a large turkey.
It roamed across the dry scrub of South
Africa eating almost any plant material,
including roots, which it may have
dug up using the sharp claws on
the inner “fingers” of its front
limbs. These dinosaurs probably
wandered through the scrub
in small family groups, led
by a dominant male. When
threatened, they could
rise up on their long
hind legs and sprint
away from danger,
holding their long
tails out behind
them for balance.

Licking may have
helped keep
the paws clean.

Long, three-toed feet
for fast running speeds

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 ‘ Cretaceous 145.5-65.5 Paleogene 65.5-23
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DINOSAURS AND BIRDS

EARLY SHIELD BEARERS

ARMED WITH SHOWY PROTECTIVE bony spikes and plates,
stegosaurs and ankylosaurs rightly earned their name of
thyreophorans or “shield bearers.” Yet these plodding
quadrupeds — the dinosaur equivalents of armored cars —
evolved from smaller, more agile plant eaters, which
merely had rows of small bony plates and studs set in
their skin. Two of these early thyreophorans are known
from well-preserved Jurassic fossils. Scutellosaurus, which
was built lightly to run on its long hind limbs lived in
Europe, while the bigger, bulkier Scelidosaurus lived ARMORED SKIN o

. . . Scelidosawrus’s hide was covered in tiny, pebbly
in Europe and North America. Incomplete fossils of scales and rows of bony studs. Small, low,
other early thyreophorans, including Emausaurus, bony plates — some ridged, some cone-shaped

Bienosaurus, and Tatisaurus, have also been found. — added protection to its neck and back,
while hornier bony plates formed clusters
that protected the head. This knobby armor
was sufficient to resist attacks by Jurassic
theropods, which had not yet developed
powerful muscles and sharp claws and teeth.

BONY PLATES
Lona. narrow These three scutes, or horny plates,
armg’re d tail give some idea of the body armor that

protected Scelidosaurus from predators.
\ If a theropod bit into the animal’s
- pebbly hide, its teeth would have

come to a crunching full stop.

5 e Iu"'i: :'.."';' "1!'."-'*"' A
.

Small, bony
studs arranged
in rows

LLOWER HIND LIMB LIZARD

Among the most primitive of the
ornithischian (“bird hipped”) dinosaurs was
Scelidosaurus (“lower hind limb lizard”) from
the Early Jurassic. When walking, it carried
its long, heavy body on four sturdy limbs,
and was highest at the hips. Its long feet had
toes with hooflike claws on their tips. Rows

UNIVERSITY LIZARD of low, ridged, horn-sheathed bones
Emausaurus was an early Jurassic herbivore, about 6 ft 6 in (2 m) reinforced its skin. These, together with its
in length. Its unusual name, which is short for “Ernst-Moritz- curved lower jaw and distinctive skull bones,
Arndt-Universitit lizard,” comes from a university town in identify Scelidosaurus as a thyreophoran

northern Germany, where its fossil was discovered in 1990. Only dinosaur. Although its front upper jaw had
parts of the skull, skeleton, and small pieces of its armor were )

unearthed, so little is known about its habits. Like its relatives tffeth’ these were nc')t'used for chewlng but
Scelidosaurus and Scutellosaurus, Emausaurus was protected from bit up and down, ShClng and CYUShlng the
theropod attack by flat and cone-shaped lumps set into its skin. soft “flowers” of palmlike plants.
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EARLY SHIELD BEARERS

LITTLE SHIELD LOWER HIND LIMB LIZARD

Scutellosaurus (“little
shield lizard”) had a
long body, slim limbs,
and an elongated tail.
More than 300 little,
horn-sheathed, bony
scutes guarded its back,
flanks, and the base of
its tail. The largest scutes
formed one or two rows down
the middle of the back. Scutellosaurus
could walk on its hind limbs, its long body
balanced by its even longer tail. However, . o, Habitat: River valleys :
its bony armor made its body heavy at the  probably without Where found: Europe and North America
front, so it probably also ambled on all fleshy cheeks Time: Farly Jurassic

fours. Scutellosaurus used its simple cheek Related genera: Emausaurus, Scutellosaurus
teeth to slice and crush soft, fleshy, low-
growing vegetation.

Hind limbs
considerbly
longer than
forelimbs

Scientific name: Scelidosaurus
Size: 13 ft (4 m) long
Diet: Plants

Relatively small head

Scutes and ossicles for size of body
varied in shape.

Small teeth
in front of
upper jaw

Forelimbs much
shorter than
hind limbs

Stocky bones inside
lower hind limbs

Scelidosaurus 7 el

-.=._, : 3 walked on all fours 3 e, T b
_- 1 but might have W
) 3 ) reared when 1,\{3;,"! "

in a hurry.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
- MESOZOIC 251-65.5 myA CENOZOIC 65.5 mya—present

Neogene 23—present
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PLATED DINOSAURS

STEGOSAURS (“ROOF LIZARDS”) WERE A GROUP OF four- TUO RIVER LIZARD
legged, plant-eating dinosaurs that reached lengths

of up to 30 ft (9 m). Named for the two rows of tall
bony plates jutting up from the neck, back, and tail,
most also had a pair of spikes jutting out from their
shoulders. Their bulky, ponderous bodies carried
characteristically tiny, low-slung heads. Stegosaurs

first appeared in East Asia in Early Jurassic times, and
by the Late Jurassic the group included Tuojiangosawrus

Scientific name: Tuojiangosaurus

from China, Kentrosaurus from East Africa, Lexovisaurus Size: 23 ft (7 m) long
from Europe, and Stegosaurus from North America and Diet: Plants
Europe. Late Jurassic times were their heyday, and the Habitat: Open woodland

Where found: East Asia (China)
Time: Late Jurassic

group seems to have petered out in Early Cretaceous
times. Perhaps their spiky defenses proved no match for Related gonera: Lesovisanrass, Paranihodon
new formidable kinds of theropod dinosaur. 5

el

TUO]IANGOSAURUS
The Chinese dinosaur Tuojiangosaurus (“Tuo River lizard”) was longer
but lighter than a rhinoceros. Its skeleton clearly shows a low skull,
high, humped back, long, heavy tail, and solid limb bones. Up to 15
pairs of pointed bony plates rose from this stegosaur’s neck, back,
and tail. Two pairs of long, slim spikes stuck up and out from the
end of the tail, and a long spine jutted from each shoulder. Horny
sheaths would have covered the tail and shoulder spikes,
making these even longer than their bony cores suggest.

SKULLS AND TEETH
Most stegosaur skulls were long, low, and narrow, ending
in a slim, toothless beak. The jaws were hinged low

down at the back and had small, ridged cheek
teeth set in from the sides. Fleshy cheeks may
have stopped food from falling out of the
mouth when eating. Stegosaurs must
have consumed huge amounts
of plant matter to sustain
their great bulk.

Bones of the forelimbs
much shorter than
those of the hind limbs

Stegosaurus skull and
ridged cheek tooth

The forelimbs may have
been erect or splayed out
at the elbows.

Tuojiangosaurus skeleton
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PLATED DINOSAURS

Two rows of
spikes, each up
to 2 ft (60 cm)
in length

SPIKY BACK
Kentrosaurus (“sharp point lizard”) takes its name from
the long spines that stuck up from its back, tail, and
flanks. Up to 17 ft (5 m) in length, this stegosaur had a
long but narrow skull, which was held low off the ground
when walking. Its jaws were equipped with small cheek
teeth to browse ferns and other low-growing plants
that grew along river banks. The back legs were
twice as long as the front legs, suggesting

that Kentrosaurus could rear up to reach

higher vegetation.

ooflike claws
on toes

ONE BRAIN OR TWO

For such a large dinosaur, Kentrosaurus had a small brain —

no bigger than a walnut. However, the olfactory bulb was well
developed, giving the animal a good sense of smell. It was once
believed that the tiny brain was too small to control the animal’s
body and that another larger brain was located near the hips, as in
other dinosaurs. Scientists now know that the larger “brain” cavity
merely held nerves that controlled the hind limbs and tail, and
maybe stored glycogen — food energy for powering its muscles.

Conical bony plates were
tallest over the hips.

Cast of Kentrosaurus’s Cast of the true
larger “brain,” which filled brain, which was
a hollow in two vertebrae. was located in the

animal’s small head.

Four tail spikes

for defense \

'-f'f/*;.i»_ '
L

Unlike most
ornithischians,
stegosaurs lacked
bony tendons to
stiffen the tail.

Deep tail

Short, massive
foot bones

Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23
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SPIKY BACKS

THE MOST STRIKING FEATURE of any stegosaur is

the array of plates sticking up from its neck, back,
and tail. The largest member of this group was
Stegosaurus (“roof lizard”) — a North American and
European dinosaur that could grow to the size of a
bus. Its back was crowned by huge plates shaped like
upended sidewalk slabs. The first Stegosaurus fossil
was discovered in the western United States in the
1870s, and dozens have been unearthed since.
Despite being one of the most intensely studied

of all dinosaurs, experts for

long disagreed about how the

plates were arranged on the

giant’s back and about their

function. Were they

for defense or for

show, or did they

help regulate

temperature?

L1
Lt

=

X

g
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SPIKY BACKS

PLATE DEBATE

Scientists once thought that the paired bony plates on
Stegosaurus’s back protected it from attack. This now
seems unlikely, because the plates were made of thin
bone and were probably covered with skin, not horn.
Instead, they perhaps served as radiators, helping
Stegosaurus to warm up when it turned

perpendicular to the Sun’s rays,

and to cool down when it |

turned away. Another theory S 444 ‘
is that the plates were for Srol.
show, helping males and
- females of the same species
to recognize each other.

-y

The plates alternated
rather than forming
two paired rows.

Scientific name: Stegosaurus
Size: U 30 ft (9 m) long
Diet: Plan i
Habitat: Ope
Where foun: orth America and Europe

Time: Late Jurassic

Related genera: Tuojiangosaurus, Wuerhosaurus =¥

3 1 ; e e e SR L
299-251 Paleogene 65.5-23 Neogene 23—present
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NODE LIZARDS

THE ARMORED DINOSAURS CALLED ANKYLOSAURS (“fused
lizards”) were heavily plated, fourlegged plant-eaters.

They had characteristic low-slung heads, fairly short Ridged, bony,
C . horn-covered
necks, broad, barrel-shaped bodies, and long, rather thick scute (“shield”)

tails. These tanklike beasts were too slow to sprint away
from danger, and their stubby claws and small, ridged
teeth were no match for a large theropod’s talons and
fangs. Instead, they relied for protection on bony plates
or spikes sheathed with horn and set into their thick,
tough hides like cobblestones in a road. Ankylosaurs’
armor may have proved more effective than the
defenses of stegosaurs, relatives that they
replaced. First emerging in the Jurassic,
ankylosaurs spread through northern
continents during Cretaceous times, and
appeared as far south as Australia and
Antarctica. Their three main groups
were nodosaurids (“node lizards”),
polacanthids, and ankylosaurids.

Second collar of
bony plates

First collar of
bony plates

Spike protecting
against a flank
attack

ARMORED GIANT
As long as a soccer goal
is wide and twice the weight
of a large rhino, Edmontonia

was one of the largest and latest of
the nodosaurids. These ankylosaurs
tended to have a fairly narrow, pear-

Long bony spike
guarding the shoulder

Short, broad,
sturdy foot

Mouth ending in

narrow beak Ankylosaurs probably shaped skull, covered with big scales,
had roomy cheeks to C i protecting the braincase. Many had spiky
Zggjw';?gd being shoulder spines, but none had a tail club.

Edmontonia shielded the back of its neck with two collars of flat
bony plates. A third collar lay between the shoulders, and rows of
smaller, ridged bony plates covered the rest of the back and tail.
Long, bony spikes projecting from the shoulders were its main
weapons, and could have crippled an attacking tyrannosaur’s leg.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA

174



NODE LIZARDS

Broad-based “thorny”
plates guarding tail AN ARMORED DINOSAUR DOWN UNDER
Found near Minmi Crossing in Queensland, Minmi
was the first armored dinosaur discovered south
of the Equator. At only 10 ft (3 m) long, this Early
Cretaceous ankylosaur was smaller than most others.
Small bony plates guarded its belly, and beside
each dorsal vertebra was a bony plate
= joined to a bony rod that might have

: helped to reinforce its backbone. Such
iy s L unusual features make scientists suspect
that Minmi was neither a nodosaurid nor an
ankylosaurid, but belonged to another, so-far
nameless group of armored dinosaurs.

Sharp, low plates
shielding hips

Raised bony shields Tall, ridged scutes
on the hindlimb over shoulders

Rows of ridged plates
running down
muscular tail

jasn )20 -
Fossilized Sauropelta hide
ARMORED HIDE

Sauropelta (“shielded lizard”) from the Early
Cretaceous of North America was smaller and less
heavily armored than Edmontonia. Seen from
above, Sauropelta’s armor resembles a knight’s
chain mail. Rows of bony cones set among small
studs protected its back but left its body quite
flexible. Bony spikes jutted from the sides of its
neck. If attacked, Sauropelta might have crouched
to guard its unarmored belly.

EDMONTONIA Largest bony

plate over

braincase .
Impressions of

Edmontonia skull large scales

Scientific name: Edmontonia

Size: 23 ft (7 m) long
Diet: Low-growing plants

SHEEPLIKE HEAD
Edmontonia’s skull looked much like a sheep’s head when seen from

Habitat: Open woodland one side. Its narrow, toothless beak was probably suited to cropping
Where found: North America soft, juicy, low-growing plants, which were then sliced up by its
Time: Late Cretaceous small, ridged cheek teeth. A top view shows bony plates tightly

fitting together like bits of a jigsaw puzzle to thicken the skull.
A theropod’s teeth might have simply skidded off Edmontonia’s
skull like human teeth trying to crunch up a coconut shell.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

Related genera: Panoplosaurus, Sauropelta

Neogene 23—present

MESOZOIC 251-65.5 MYA CENOZOIC 65.5 MmyA—present
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FUSED LIZARDS

THE ANKYLOSAURIDS (“FUSED LIZARDS”) were armored
dinosaurs 10-33 ft (3—10 m) long. Like their relatives
the nodosaurids, their main defenses were the thick,
solid bones of the skull, and bands of bony plates,
studs, and spikes shielding the neck and back.
Unlike nodosaurids, most ankylosaurids had a skull as
broad as it was long, with small “horns” projecting
from the back, and a convoluted airway inside. Their
common feature was the massive bony club on the
end of the tail, and some early “ankylosaurids”
without a club arguably formed a third family, called
the polacanthids. The ankylosaurids appeared by the
Late Jurassic and thrived throughout the
Cretaceous in Asia, North America, and
Europe. Some Late Cretaceous
ankylosaurids were the largest
armored dinosaurs of all.

Thickened bone

Spine-fringed tail could
gave the tail a club

lash from side to side.

Broad, flat spikes to
ward off attack from
the side

THORNY BEAST
Named after fossil
hunter Robert
Gaston, Gastonia
resembled a walking

thorn bush the length
of a large car. Gastonia
roamed Utah in Early

Cretaceous times. Big spines stuck out sideways from its shoulders and

tail, and two rows of long spines stuck up from its back. Many smaller

bony spines and a bony shield across its hips completed this dinosaur’s
jaw-breaking defense. Gastonia’s broad skull resembles an ankylosaurid’s,
but it was in fact a polacanthid. Despite the lack of a club, spines could
have made its tail a formidable weapon.

Cambrian 542-488.3

Pattern where
scales were stuck
to the skull

AN ANKYLOSAURID SKULL
This reconstruction reveals Fuoplocephalus’s bizarrely
armored skull. Thick skull bones with a “crazy paving”
pattern closed holes that lightened the skull in other
dinosaurs. Its bony eyelid could flick up or down, like
a window shutter, to protect the eye. Broad, short,
thornlike spikes projected at the rear,
protecting the back of the skull. Behind the
heavy, toothless beak, the cheek teeth
seem tiny and inadequate. They merely
sliced up soft plant foods that were
mainly mashed up in the gut.

Muscular tail could swing
club from side to side.

WELL-ARMORED HEAD

Scientific name: Fuoplocephalus
Size: 23 ft (7 m) long

Diet: Low-growing plants
Habitat: Open woodland
Where found: North America
Time: Late Cretaceous

Related genera: Ankylosaurus, Pinacosaurus

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299
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FUSED LIZARDS

WELL-ARMORED HEAD
Resembling a cross between an armadillo and a huge rhinoceros,
Euoplocephalus (“well-armored head”) was one of the most common
o Flexible armored ankylosaurids of Late Cretaceous North America. With its broad beak,
tz;svrgé g’;’:f;s bands on back Euoplocephalus would not have been a choosy feeder — its main foods
were very likely ferns, and the weedy, soft-stemmed flowering plants now
spreading north. As it ambled slowly across woodland
glades, four sturdy limbs bore the
{,: ) weight of its barrel-shaped body

Pointed scutes
ran in rows down
back.

and the heavy load of plant food
in its gut. If it had to,
Euoplocephalus could break
into a trot, but speed
was not its best
defense.

o,

/=
[ i

1
s

1

Bony “thorns”
tallest over the
shoulders

Broad toothless beak
for cropping low
vegetation

Broad thighs

partly supported e
by wide, shelf- Y Short digits with
shaped hipbones blunt nails One of two

large bony tail

plates
Short and broad

three-toed feet

BONY TAIL CLUB

This fossil shows the

construction of what was
probably an ankylosaurid’s main
counterattacking weapon. At the
tip of the tail, four swollen bony
lumps - two large and two small —
had fused to one another and the tail-
tip vertebrae. Outside these bones, long,

ropelike tendons stiffened and reinforced the tail’s
tip. The tail’s muscular base was flexible, though —
free to swing the club from side to side, delivering
a heavy, powerful blow. Any attacking tyrannosaurid
might have risked a fractured shin or ankle.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23 Neogene 23—present

Bony tendons
reinforced end of

One of two
the tail.

small bony
tail plates

MESOZOIC 251-65.5 MmyA CENOZOIC 65.5 MyA—present
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CAMPTOSAURS AND DRYOSAURS

IcuaNODONTIANS EVOLVED during the Jurassic.
They were extremely successful ornithopod
(bird-footed) dinosaurs and include the
famous Iguanodon. The most primitive
iguanodontians, such as Dryosaurus, were
relatively small and lightly built and would
have relied on fast running to escape from
predators. They might have used their arms
for walking when moving very slowly, but, in
contrast to Iguanodon, their arms and fingers were
short. Unlike earlier ornithopods, iguanodontians
did not have teeth at the tip of their upper jaw.
With the evolution of Camptosaurus, iguanodontians
began to become larger, heavier, and less agile.

Camptosaurs had
long heads with
beaked lower and
upper jaws.

CAMPTOSAURUS

The best-known camptosaur was Camptosaurus from the Late

Jurassic and Early Cretaceous of North America and England. It had

stout hind limbs, a skull with a long snout, and a large, deep body. gr;";pt,_f’;;;lnt‘rsagﬁgssjr il ...

Camptosaurus was originally named Camptonotus meaning “flexible  that it ma Somet,-mesg ;C,’ave £
y

back.” This was because the hip vertebrae of the first specimen walked slowly on all fours.

seemed not to be fused together. However, Camptonotus had already

been given to another animal, so Camptosaurus, meaning “flexible

lizard” was chosen. In fact, Camptosaurus does have fused hip The arms were slim and the

vertebrae like other dinosaurs, so the name is inaccurate. hands were small. Hatchlings had
stronger forelimbs and appear to

Palpebral bone have walked on all fours.

The teeth were

leaf-shaped with
serrated margins.
IGUANODONTIAN SKULL
Features of such skulls show that
iguanodontians were well suited for
cropping and chewing plant material.
The toothless beaks of the upper and lower
Jjaws were broad and would have had sharp
cutting edges. Mobile joints allowed the cheeks
to move in and out so that the teeth in the
upper jaw could grind against those in the Dryosaur legs and feet were
lower jaw. An unusual bone called the built for fast running. Unlike
palpebral grew across the eye socket, but its in Gamptosaurus, the small

function is unknown first toe was not present. £

- wh . P .
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Camptosaurs have massive toe
bones. The small first toe is
turned backward and would
not have reached the ground.

DRYOSAURUS

Dryosaurs have been found in
North America, Africa, and Europe.
The name means “tree lizard” and
is a reference to the idea that this
dinosaur lived in a woodland
environment. Dryosaurs have short
skulls with large eyes. Their
peculiar nostrils are not covered
over on their upper side by a bony
bridge, as they are in virtually all
other dinosaurs.

299-251

Triassic 251-199.6

Jurassic 199.6-145.5

The bones of the
lower part of the
pelvis are directed
backward to allow
space for larger guts.

The last thumb bone was a
pointed, spurlike structure. It
was different from the
specialized thumb spike
seen in Iguanodon.

Hooflike
fingertip

HAND OF CAMPTOSAURUS
Camptosaurus had five short
fingers, the first three of which
had hooves. Fossil trackways
show that its fingers were not
joined together in a large pad
as they were in Iguanodon.
Several of the wrist bones were
fused together, perhaps for
strength when the hand was
used to support weight.

MESOZOIC 251-65.5 MyA

Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

Crisscross pattern
of tendons

VERTEBRAE OF CAMPTOSAURUS

Like other ornithopods, Camptosaurus had a criss-
cross pattern of tendons growing on the sides of
the spines of its vertebrae. Arranged in three
overlapping layers, these helped reinforce the
spine and keep the back stiff. Its sacrum — the part
of the vertebral column where the vertebrae are
connected to the pelvis — consisted of either five or
six vertebrae. Camptosaurus shared with Iguanodon
special peg-and-socket joints between each of the
sacral vertebrae. These further helped reinforce
the backbone.

CAMPTOSAURUS

Scientific name: Camptosaurus
Size: 16 ft (5 m) long
Diet: Leaves

Habitat: Open woodlands

Fossil finds: North America and England

Time: Late Jurassic and Early Cretaceous

Related genera: Callovosaurus

Neogene 23—present

CENOZOIC 65.5 mya—present
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IGUANODON

FossiLs oF 1cGuaNoDON have been found in Europe and
North America, and it is one of the best-known and
most successful dinosaurs. Officially brought to
attention in 1825 by Gideon Mantell,

a doctor from Lewes, England, it was the second
dinosaur after Megalosaurus to be named and
described. Mantell thought that Iguanodon was

an immense lizardlike animal, while other
scientists of the time argued that it resembled

a rhinoceros more. In 1878, numerous

complete skeletons were discovered in

a coal mine in Belgium, which showed

what Iguanodon really looked like.

It had stout legs, three-toed feet,

powerful arms with a thumb

shaped like a spike, and a vaguely

horselike skull with a toothless

beak. Fossilized footprints

suggest that Iguanodon

moved around in herds.

Scientists once believed that
Iguanodon’s tail would have sloped
down close to the ground as shown
here. More recent research has
shown that this was not the

case. Like virtually all dinosaurs,

the structure of Iguanodon’s

spine suggests that its tail would
have been held horizontally

and off the ground.

Iguanodon’s powerful arms were
long enough to reach the ground.
The three middle fingers appear
suited for bearing weight. These
features suggest that Iguanodon
often walked on all fours.

PECULIAR HANDS

Iguanodon has the most specialized
hands of any dinosaur. They could
have been used as weapons, for walking
on, and for grasping vegetation. A large
conical spike, originally thought to be
located on the tip of the nose, turned
out to be Iguanodon’s highly modified
thumb. The second, third, and fourth
fingers are strongly built and webbed
together, and tipped with blunt hooves.
Its fifth finger is slim and flexible.

g
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IGUANODON

F A iy

IGUANODON

\1) ]
4

me: Early Cretac v« il

genera: Altirhinus, Ouranosaurus

The woodland habitat
of Iguanodon contained
giant tree ferns and
conifers, and horsetail
meadows. Flowering
plants such as
magnolias had also
evolved by this time.

Iguanodon was stoutly built
and probably walked with its
body held horizontally for
most of the time.

VEGETARIAN
Iguanodon was a large browsing
herbivore with a deep skull,
toothless beak, and many
powerful cheek teeth.
Special hinges in the skull and
mobile lower jaws allowed
Iguanodon to chew tough
plants. Its height may
have allowed it to
feed from trees.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present
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DUCK-BILLED DINOSAURS

IN THE CRETACEOUS an important group called the hadrosaurs
(“duck-billed” dinosaurs) descended from Iguanodon-like
ancestors. As their name suggests, duck-billed dinosaurs

are characterized by an expanded toothless beak. They had
hundreds of tightly packed teeth that were well equipped

to grind up tough vegetation. Some had bizarre crests.
Duck-billed dinosaurs are best known from North America
and eastern Asia but they are also known from Europe,
South America, and Antarctica. They were among the
biggest dinosaurs, but they were preyed on by tyrannosaurs
and other theropods. An old theory is that the hadrosaurs
were amphibious animals, but their stiff tails, short toes,

and small hands show that they more likely lived on land.
Fossilized tracks, piles of bones, and nesting sites suggest
that they were herding animals and formed nesting colonies.

Skull features
show that duck-
billed dinosaurs
had large eyes,
acute hearing,
and a good
sense of smell.

CORYTHOSAURUS

Corythosaurus was a crested duck-billed dinosaur, with a crest
that was shaped like a plate. The name Corythosaurus means
“helmet lizard,” referring to the similarity between its crest and
the helmets worn by soldiers in ancient Greece. Corythosaurus
is one of the best-known hadrosaurs thanks to the discovery
of a complete skeleton in 1912. The similar-looking
Hypacrosaurus is probably a descendant of Corythosaurus.

Hatchlings were
about 20 in
(50 cm) long.

& i e o :
s 1
MAIASAURA FAMILY
Maiasaura was a flat-headed duck-billed dinosaur. Like other Duck-billed
hadrosaurs without crests, it had hollow areas around the dinosaurs had lost
nostrils which perhaps housed large, inflatable skin pouches. their thumbs, and

their forelimbs were
slimmer and less
powerful than

in lguanodon.

It has been preserved with nests, broken eggshells, and babies.
The babies clearly stayed in the nest for some time after
hatching (as shown by the trampled eggshell) and therefore
they may have been cared for by their parents.
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DUCK-BILLED DINOSAURS

Parasaurolophus
LAMBEOSAUR CRESTS had a backward
. Duck-billed dinsoaurs with crests were called pointing tube.
Hadrosaur skin .
was covered in lambeosaurs. These crests were hollow with a
small, rounded  complex series of tubes inside, and the shape
tubercles. varied tremendously between species and
individuals. The crests are connected to
the noses and throats of the animals.
Lambeosaurs probably used them
as resonating devices, with the
various shapes creating
different sounds.

\\‘r.- ‘N‘\} %l

Evolution of the
crest resulted
in the nostrils
being pulled
backward.

Stiff and narrow tail

In Lambeosaurus
the main part of
the crest was
tilted forward.

Stout and
powerful
hind limbs

Lambeosaurus skull

CORYTHOSAURUS
Fossilized tracks SWAMPLAND
show that duck- Corythosaurus is shown here wading
billed dinosaurs through a forest swamp. Most hadrosaurs Scientific name: Corythosaurus
often walked on lived in warm plains between the Rocky Size: 40 ft (12 m) long
all fours, though Mountains and a vast inland sea that - : : - -
they could walk on divided North America into western and Diet: Plants including leaves, twigs, pine needles
two legs as well. eastern halves. As well as cypress swamps, Habitat: Forests
there were pine forests, fern prairies, and Where found: Western North America
coastal marshes. The first flowering plants Time: Late Cretaceous
— the plants and trees that .domlnate the Related genera: Hypacrosaurus, Lambeosaurus
world today — were beginning to spread.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5

MESOZOIC 251-65.5 MyA

Paleogene 65.5-23

CENOZOIC 65.5 MmyaA—present

Neogene 23—present
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DINOSAURS AND BIRDS

THICK-HEADED LIZARDS

P ACHYCEPHALOSAURS WERE CRETACEOUS DINOSAURS that are famous for o

. S . . Prominent ridges grow
having specially thickened bones on the tops of their skulls. In some, along the side of the
such as the Late Cretaceous North American forms Pachycephalosaurus LG T
and Stegoceras, the top of the skull formed a thickened dome, shaped
like a bowling ball. Others, such as Homalocephale from Mongolia, had  Pachycephalosaurs

had curved, fanglike

flat skull roofs. All known pachycephalosaurs come from the northern teeth at the front of
hemisphere and most are smaller than humans. Many specimens have e mouth. They
been found in North America and Asia. A small pachycephalosaur
from the Late Cretaceous of China is distinguished by having the

longest name of any dinosaur — Micropachycephalosaurus.

STEGOCERAS

Stegoceras was a medium-sized, round-skulled
, pachycephalosaur. It is one of the few

% pachycephalosaurs for which not only skulls
are known but also other skeleton parts. It
had a large expanded chamber at the base The hips broaden
of its tail, the function of which is unknown. toward the base
of the tail.

More skulls of
Stegoceras have
been found than
of any other
pachycephalosaur.

The end half
of the tail

was stiff and
inflexible.

Stegoceras

Its straight, stiff tail
would have helped
Pachycephalosaurus

keep its balance. Slim leg and foot bones
would have allowed
Pachycephalosaurus

to run quickly.

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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THICK-HEADED LIZARDS

The arms and hands
of Pachycephalosaurus
are small in proportion

_ﬂ_-' to the very broad body. Skull of Prenocephale

PACHYCEPHALOSAURUS
The thickened skull roofs of dome-headed pachycepha-
=% losaurs suggest that these dinosaurs used their heads

' for fighting off rivals during the breeding season, much
like goats and sheep do. However, the skull roof in goats and
sheep forms a contact area that can be more than 12 in (30 cm)
wide. In contrast, the bowling-ball shape of dome-headed
pachycephalosaurs would have a small contact area, which
would have placed a dangerous sideways strain on the neck.
If pachycephalosaurs did not butt heads, they may have butted
each other’s bodies instead. Features of the vertebrae suggest
that their spines may have had some shock-absorbing ability.

MESOZOIC 251-65.5 myA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

The top of the head

of Pachycephalosaurus
looks like the shape

of a bowling ball.

The bony shelf is one of
the features common to
all pachycephalosaurs.

Skull and mandible
of Stegoceras

BONY SHELF
All pachycephalosaurs have a
bony shelf jutting out from the
back of their skulls, as seen on
the Stegoceras example above.
The related genus Prenocephale
has a less distinct shelf. The
bony shelf is also seen in
the ceratopsians (horned
dinosaurs). Thus, pachycephalo-
Prenocephale ~ Saurs and ceratopsians are

had a less united in a group called the

distinct, Marginocephalia (“margin-

rounded shelf. headed ones”).

PACHYCEPHALOSAURUS

Scientific name: Pachycephalosaurus

Size: 15 ft (5 m) long

Diet: Leaves, fruit, perhaps small animals
Habitat: Forests

Where found: North America

Time: Late Cretaceous

Related genera: Prenocephale, Stygimoloch
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DINOSAURS AND BIRDS

PARROT LIZARDS

Psirracosaurs (PARROT LIZARDS) were small bipedal (two-footed)
ornithischians (bird-hipped dinosaurs) that have proved abundant in
the Lower Cretaceous rocks of eastern Asia. Their short, deep skulls Like most omnithischians,
are like those of modern parrots. Originally classified as ornithopods  Psittacosaurs had bony
. . ged along
related to Hypsilophodon, psittacosaurs were later the length of their tail.
recognized as relatives of the horned dinosaurs of the
Late Cretaceous. Both these groups possess a unique 48
bone (the rostral) at the upper jaw’s tip. Except for £
Yinlong and Chaoyangsaurus, psittacosaurs are the
most primitive known ceratopsians. Elongated,
slim hindlegs suggest they were fast runners, and
this is probably how they escaped from predators.

More than 100 specimens are known.

PSITTACOSAURUS

Eleven different species, all in genus
Psittacosaurus, are distinguished by
proportions, features of the teeth, and
shape of the skull. Psittacosaurs have
four fingers on the hand, unlike

later ceratopians which all have

five fingers. This suggests that
psittacosaurs were not the
actual ancestors of later
ceratopsians. Psittacosaurus
was around for about

30 million years, making it
one of the longest lived
dinosaur genera.

LITTLE BABIES
Baby psittacosaurs are among the smallest reported
dinosaur fossils. One specimen is estimated to have
been 9 in (23 cm) long. Like other baby animals,
these psittacosaurs have huge eyes, short snouts, and
proportionally larger heads than adults. Some babies
are found preserved together,
suggesting that they stayed
in groups. As with many
dinosaurs, experts are unsure
as to whether the babies were
cared for by their parents, or
if they were independent.

Psittacosaurus
would have run
around on its

Actual size skull of fossilized hind legs.

baby Psittacosaurus This skeleton,

found in the

1920s, was the
FOSSILIZED PSITTACOSAURUS first psittacosaur

Skeletons are often found in desert to be discovered.
areas with sand dunes. This suggests
that Psittacosaurus was adapted
to life in dry environments.
Several psittacosaur specimens
are preserved as if lying
on their bellies, their
legs folded up
underneath them.
One expert has
suggested that
this shows their
legs had great
mobility.

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 mya
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PARROT LIZARDS

Like many other similar
dinosaurs, psittacosaurs
had bones called palpebrals
jutting out above their
eyeballs. Experts remain
unsure as to what these

were for.

Horns,
perhaps used
in fighting or
displaying,
project from
the cheek.

Long toes and
sharp claws
suggest that
Psittacosaurus
could have been
a good digger.

MESOZOIC 251-65.5 myA

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5

The rostral
bone, a
parrotlike
beak

Unlike
psittacosaurs,
parrots can
move their
upper jaw
independently
of the rest of
the skull.

Modern parrot head

PARROTLIKE HEADS

The psittacosaurs’ remarkably deep skulls are
superficially like those of parrots. Their toothless
beaks and blunt teeth suggest that they were
herbivores, but they could have been omnivores
that also ate carrion and small animals. Unlike
later ceratopians, psittacosaurs swallowed stones
and used these to help grind up their food.

PSITTACOSAURUS

Scientific name: Psittacosaurus

Size: 7 ft (2 m)

Diet: Plants, perhaps small animals

Habitat: Desertlike scrubland

Where found: North, East, and Southeast Asia
Time: Early Cretaceous

Related genera: Chaoyangsaurus, Yinlong

Paleogene 65.5-23

CENOZOIC 65.5 MyA—present

Neogene 23—present
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DINOSAURS AND BIRDS

EARLY HORNED DINOSAURS

THE GROUP OF HORNED DINOSAURS called the Neo-
ceratopsia (“new horned faces”) can be divided
into primitive and advanced forms. The
early horned dinosaurs did not have
the large horns of the advanced
forms and they were relatively
small, at about 3-12 ft (1-4 m) long. Early

neoceratopsians probably ate mainly plants. Unlike their ceratopsid
descendants, some of these early neoceratopsians had pointed teeth
in their upper jaws. These primitive neoceratopsians were mostly
from eastern Asia, including the well-known Protoceratops. Several
others, including Montanoceratops, were North American.

BURIED IN SAND
Several Protoceratops specimens from Mongolia are preserved buried
in sand. Perhaps these were killed when the sand dunes they were
hiding behind collapsed on top of them. Because their bones were
then protected from scavengers, these specimens are very well
preserved. Some of them are preserved in
twisted or standing positions.
Apparently Protoceratops
babies clustered together.

The skeleton is seen here
from beneath.

Protoceratops preserved in sand

STAGES OF DEVELOPMENT

Because of the abundance of Protoceratops specimens, experts
have been able to make a detailed study of the different stages
of development. Specimens range from tiny babies to full-grown
adult males and females. These reveal important changes that
occurred in proportions during growth, particularly in the frill,
as can be seen in the sequence of skulls shown here. Up to the
juvenile stage, the frill or snout shape does not differ between
males and females. Older females have narrow frills and low
snouts, while older males have

larger cheeks, snout, S“b*{db;‘lt - S“bafﬁ‘lﬂt i
: possibly possibly male
and frills. female
Juvenile
Hatchling Baby

¢« 8 & |

Cambrian 542-488.3

The deep tail was originally
thought to indicate that
Protoceratops could swim.
However, the animal lived
in a desert.

PROTOCERATOPS
Protoceratops is one of the few dinosaurs
known from tens of specimens. In
the Gobi Desert in Mongolia its
fossils are so abundant that fossil-
hunting paleontologists there call
it the “sheep of the Gobi.”
Individuals with larger, taller
neck frills and deeper snouts
appear to be males.
Protoceratops has very tall
spines on the top of its tail
vertebrae, which were
perhaps used in display.

Protoceratops had long,
slender limbs suggesting
that it was a fast runner.

Adult —
possibly female

Adult - possibly male

Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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EARLY HORNED DINOSAURS

Protoceratops

Most horned dinosaur frills
had thin bony borders and
skin-covered gaps in the
bone. These suggest that
they were not for the
attachment of large jaw
muscles as once thought.

The Velociraptor’s Velociraptor
arm is gripped by the

Protoceratops’ beak.

FOSSILIZED PROTOCERATOPS
FIGHTING VELOCIRAPTOR
This famous fossil was discovered
in the Gobi Desert in 1971.

It preserves a Protoceratops locked
in combat with a Velociraptor.
Both animals appear to have
died while fighting. This might
be because they both died of
their injuries, or it might be
because they were buried by a
sand dune as they fought.

Some Protoceratops fossils
include the bony rings that
supported the eyeballs. These
show that the eyes were large.

Protoceratops had a very small nasal horn
between the eyes. The nasal horn was
present in all advanced horned dinosaurs.

PROTOCERATOPS

Scientific name: Protoceratops

Size: 7 ft (2.5 m) long

Diet: Mostly desert vegetation

Habitat: Desert and desertlike scrubland
Where found: East Asia

Time: Late Cretaceous

Two pairs of fanglike
teeth may have been Related genera: Bagaceratops, Udanoceratops,

used in fighting or biting. Leptoceratops

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

Neogene 23—present

MESOZOIC 251-65.5 MmyAa CENOZOIC 65.5 myaA—present
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DINOSAURS AND BIRDS

ADVANCED HORNED DINOSAURS

IN THE LATE CRETACEOUS a group of horned dinosaurs, called the
ceratopsids, developed. These were distinguished from earlier horned
dinosaurs by their mostly large body size, hooflike (rather than
clawlike) bones on their fingers and toes, and large horns. They were
robust, short-tailed, fourlegged dinosaurs that superficially resembled
horned rhinos today. All have massive hooked beaks and shearing
teeth and would have been highly efficient eaters of most kinds of
plant material. With the exception of two

Many advanced horned ] :
dinosaurs have bones called controversial fragmentary specimens from

Straight
nose horn

CENTROSAURUS

epoccipitals arranged around eastern Asia and South America, all Controsamris is a common
the edges of the frill. The large : .
frill spikes of Styracosaurus are known ceratopsids are North horned dinosaur. Its nose horn

American. At least 19 different s sometimes straight and
points upward, as here. In

genera evolved there. other individuals it curves

backward or forward to
overhang the tip of the snout.

probably enlarged epoccipitals.

STYRACOSAURUS

“®» A group of horned dinosaurs called
the centrosaurines had relatively small /
brow horns and enlarged nose horns. | Vs
Some centrosaurines also grew I 4

prominent backward-pointing spikes
on the back of the frill. This trend was
carried to its extreme in Styracosaurus,
a genus that has six markedly elongate
spikes on the back of the frill. The
spikes would have looked imposing

if the head was dipped in display.

Like other centrosaurines,
Styracosaurus had an enlarged
elongate nasal horn.

Centrosaurines have enormous
nostril openings and incredibly
deep snouts. The function of
these nostrils is unknown.

Cambrian 542-488.3 | Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 | Carboniferous 359.2-299

PALEOZOIC 542-251 MYyA
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ADVANCED HORNED DINOSAURS

F } : LIFE AND DEATH

' f IN HERDS

At least some horned
dinosaurs appear to have
been herding animals.
Like living wildebeest,
shown here, and other
herding mammals, many
horned dinosaurs seem
to have drowned during
the panic of river
crossing. Their bones

g were then trampled and
== scavenged by theropods

S O RS Bl e and other animals.
e el o T R S

The nose horn

The hips are and two brow

Like other horned dinosaurs, the connected to about

f Styr r j
ggggrgd ?nyae:%?cska zicl;: e 10 vertebrae bones l'lzr?cl;gsragtlz)ves its
. — more than in any P
name, which

other dinosaur

group, except birds. means “three-

horned face.”

Some experts
think that horned
dinosaurs could
gallop despite the
shortness of

their limbs.

The robust four-toed feet were built
to support weight. The hooves were
blunt, unlike the clawlike hooves of

more primitive horned dinosaurs.

299-251 Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 ‘ Paleogene 65.5-23

MESOZOIC 251-65.5 myA

TRICERATOPS
The most famous horned
dinosaur is Triceratops, a member of

the chasmosaurine group. Chasmo-
saurines mostly had elongate frills with
large openings, but Triceratops is unusual
in having a fairly short frill that lacks
openings. Growing to 30 ft (10 m) in
length and weighing about 9.8 tons

(10 tonnes), it was a gigantic animal

. _and one of the last nonbird dinosaurs.

STYRACOSAURUS

Scientific name: Styracosaurus
Size: 17 ft (5 m) long
Diet: Ferns, cycads, and other plants

Habitat: Open woodland
Where found: North America
Time: Late Cretaceous

Related species: Achelousaurus, Einiosaurus

lvww.ebook3000.con}
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Mammals and
their Ancestors

Sprawling, scaly pelycosaurs with tall fins on their

backs, featured below, look nothing like tigers or
cows. Yet the pages in this section show that today’s
hairy, warm-blooded mammals all owe their origins
to such reptile-like creatures. Startling images
reveal other prehistoric mammals that looked

just as strange as pelycosaurs — elephantine sloths,
snaky whales, cats with dagger-like canine teeth,
and hoofed mammals with bizarrely horned

heads. Discover extinct ape-like creatures that
walked erect, and their increasingly intelligent

descendants — the mammals called humans.
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MAMMALS AND THEIR ANCESTORS

SYNAPSIDS CLADOGRAM

MAMMALS AND THEIR EXTINCT RELATIVES are called synapsids. These
amniotes are named after the bony opening behind the eye, known
as the synapsid opening. Typical mammalian features, such as fur,

a warm-blooded metabolism, and a lower jaw that consists of a single
bone, appeared gradually during synapsid evolution. True mammals
evolved in the Triassic. The earliest members of the three living
groups — the egg-laying monotremes, the pouched marsupials,

and the placentals — appeared in the Cretaceous. Placental
mammals include the most familiar synapsid groups.

Xenarthrans include
climbing, digging,

and swimming forms.
Ground sloths, such as
this Megatherium, were |
huge plant eaters.

Early Permian
pelycosaur
Dimetrodon

EXTINCT RELATIVES XENARTHRANS
OF MAMMALS
The duck-billed platypus
is @ monotreme.
MONOTREMES, MARSUPIALS,
MULTITUBERCULATES,
AND TRICONODONTS
PLACENTALS
Placenta
MAM S Cross-section of a human ear
Three middle-ear
bones Middle-ear '.\. L',
bones 'r' o P
SYNAPSIDS s i
Synapsid opening oggiﬁsg’ Eye socket
e THREE MIDDLE-EAR BONES
e 6' All mammals possess three

SYNAPSID OPENING {
The opening in the skull |
behind the eye socket is

called the synapsid opening.

It may have evolved to

provide new attachment

sites for jaw muscles.

middle-ear bones. These

small, distinctive ear bones
evolved from bones that
once formed part of the
joint linking the back of
the skull with the lower jaw.

o~

Dimetrodon skull

CARNIVORES

GLIRES

PLACENTA

A developing baby
exchanges substances with
its mother via the placenta
attached to the mother’s
uterus. The placenta lets
placental mammals retain
their babies internally until
they are well-developed.

Uterus

The placenta
is a mass of
spongy tissue.

Human foetus
at 28 weeks
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SYNAPSIDS CLADOGRAM

Woolly mammoth

Cranioceras was a member
of the palaecomerycids,
an extinct group of

horned artiodactyls. Dugong

The bat
Icaronycteris from
the Early Eocene
was an archontan.

PROBOSCIDEANS
AND DESMOSTYLIANS  SIRENIANS

SOUTH AMERICAN

UNGULATES ARTIODACTYLS
CETACFANS PERISSODACTYLS
TETHYTHERES
Eyes near the front
f the skull
INSECTIVORES AND o he
ARCHONTANS
UNGPIIJ L?TES EYE SOCKETS NEAR SNOUT
00 Tethytheres have eye sockets
that are located far forwards
on the skull. The significance
\ of this position is unknown,
\ although in some forms
EPITHERES . . . it might have provided
w5 — Side view of foot of extinct more space for the roots
tirrup-shape ; ;
StI; o three-toed horse Hipparion of the chewing teeth.
pes
Hoof of
side toe
HOOF
Ungulates have hooves
STIRRUP-SHAPED STAPES that grow over the end

bones of the digits, and
form a strong structure
for running. Most of the
body’s weight is carried
on the middle digit, so
many ungulate groups
have lost the side digits. Skull and jaw of 20-million-year-

old mastodont Gomphotherium
/ C\\ SYNAPSID EVOLUTION

Early synapsids appeared during the Carboniferous and
the Permian. Their descendants, the small cynodonts
of the Triassic, were the direct ancestors of the first

Stapes mammals. A diversity of primitive mammal groups
evolved during the Mesozoic, but only one of these
groups — the monotremes — survives today. The largest
and most diverse group of mammals — the placentals —
evolved in the Cretaceous, and share an ancestor with
the marsupials. The placentals underwent a massive
burst of evolution at the start of the Cenozoic.

In epitheres, the middle-ear bone
called the stapes is stirrup-shaped.
This shape made it lighter and
better able to respond to high
frequency sounds. Epitheres
include all placental mammals
except xenarthrans.

Middle ear bones
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MAMMALS AND THEIR ANCESTORS

SynapsIDS (“WITH ARCH”) INCLUDE the mammal-like “reptiles” and their Sunshine could have
warmed Dimetrodon’s
descendants, the mammals. They are named for the large hole low body by heating the

in the skull behind each eye. Muscles that worked the jaws passed blood that flowed
through this hole, and gave synapsids a wide gape and powerful bite. through fts sail
Synapsids formed a separate group from true reptiles, who gave rise
to lizards, dinosaurs, and their relatives. Like living reptiles, however,
early kinds were scaly and cold-blooded. Synapsids appeared during
the Carboniferous period. Early synapsids are known as pelycosaurs,
and were quadrupeds with sprawling limbs. Most pelycosaurs lived

in what is now North America and Europe. By early Permian times,
pelycosaurs counted for seven out of ten backboned land animals.
The early synapsids died out toward the end of the Permian period.

SAIL-BACKED KILLER
Dimetrodon was one of the first big land animals to be
capable of attacking and killing creatures its own size.
This pelycosaur had a large, long, narrow head, with
powerful jaws and daggerlike teeth. Dimetrodon could
grow up to 11 ft 6 in (3.5 m) in length.
It survived by attacking and eating
large, plant-eating pelycosaurs.
Dimetrodon lived during the
Early Permian in what is now
North America and Europe.
Its remains have been found
in Texas and Oklahoma,

and in Europe.

Dimetrodon skull
A

TYPES OF TEETH
Most reptiles have teeth
of similar shapes. Dimetrodon’s teeth
had different shapes, like a mammal’s.
The name Dimetrodon means “two types
of teeth.” The differently shaped teeth
had various functions. The pointed
upper canine teeth were designed for
piercing flesh. The sharp front teeth
served for biting and gripping. The

small back teeth aided in chewing

up chunks of flesh.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 Rg3si11t1

PALEOZOIC 542-251 MyA

Canine teeth with
serrated blades

Dimetrodon

196



EARLY SYNAPSIDS

Tall, rod-shaped bones
with short crosspieces
held up Edaphosaurus’s
skin fin, or sail.

TWO TYPES OF TEETH

. Scientific name: Dimetrodon
SKIN SAIL Spines from Edaphosaurus’s fin Size: Up to 11 £t 6 in (3.5 m) long

The skin sail rising from Dimetrodon’s back was Diet: Meat

a special feature whose likely purpose was to Habitat: Semi-desert
help control body temperature. Edaphosaurus Where found: North America and Europe
also had a tall skin sail on its back. Skin sails

may have helped pelycosaurs keep cool in
hot weather or be active in the morning
while their prey was still cold and sluggish.

The sail may also have aided recognition
among members of a species.

Time: Early Permian

Related genera: Haptodus, Sphenacodon

EARTH LIZARD
Edaphosaurus (“earth lizard”) was a large, early plant-
eating pelycosaur. Its broad, short head was small for
its hefty, 10-ft (3-m) long body. Its barrel-shaped body
had room for the large gut needed for
digesting bulky plant food, although

* some scientists believe its peg-shaped
/ b teeth were best suited for crushing

= shellfish. Edaphosaurus lived in
North America and Europe
from the Late Carboniferous
to the Early Permian. Its worst
enemy was another pelycosaur —
the meat-eating Dimetrodon.

g W
L 4y,

Edaphosaurus’s skeleton shows
it had a relatively deeper tail and
shorter limbs than Dimetrodon.

Edaphosaurus skeleton

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23 Neogene 23—present

MESOZOIC 251-65.5 MyA CENOZOIC 65.5 MyA—present
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MAMMALS AND THEIR ANCESTORS

DinocepHALIAN (“terrible head”) P
therapsids were synapsids from the Q.
Permian whose fossils are known from | SR
Russia, South Africa, North America, ?

Horns of some
Estemmenosuchus

species were complex,
with several branches.

and Brazil. Their heads were massive
compared to their bodies, and this
quality gave the group its name.
Dinocephalians were diverse and
abundant, but they did not survive beyond
the Permian, and left no descendants.
Carnivorous dinocephalians, such as the
brithopodid Titanophoneus, were long-
tailed predators capable of attacking the
largest herbivores. Their large, elongate
skulls held interlocking incisors — a key
dinocephalian feature — and prominent
canine teeth. Herbivorous dinocephalians
lacked the canine teeth of their predatory,
brithopodid-like ancestors. Their enlarged
tooth crowns provided a crushing surface
for plant material, but were less suited _
for tearing flesh. Advanced herbivorous =
dinocephalians, such as Moschops, had
short tails and grew to the size of rhinos.

The forehead bump
may have been present P T
only in males, but more : .
specimens are needed
to confirm this theory.

Wide mouth, with large
incisors and canines
that interlocked when
the mouth was closed.

HORNED HERBIVORES
Several kinds of
herbivorous dinocephalian
evolved horns or other
unusual structures on their
skulls. These may have been
used in displays or fights
during the breeding season.
Struthiocephalus was a long-
skulled tapinocephalid from
Russia that was related to
Moschops. A large bump that
projected from its forehead
may have once formed part
of a large spike.

ESTEMMENOSUCHIDS

Primitive Russian dinocephalians called
estemmenosuchids were famous for the massive
bony protuberances that grew from their cheeks
and their upper skulls. These protuberances might
have been covered in horn, and could have been
used in fights or visual displays. Some specimens

of Estemmenosuchus have larger protuberances than
others, and may be males. The canines and pointed
incisors of estemmenosuchids suggest carnivorous
habits. Fossil skin impressions of Estemmenosuchus
Top view of show that these animals probably lacked scales,
Struthiocephalus skull and may have had skin glands, like living mammals.

Cambrian 542-488.3 Ordovician 488.3-443.7 Silurian 443.7-416 Devonian 416-359.2 Carboniferous 359.2-299 Rg3si11t1
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TERRIBLE HEADS

TITANOPHONEUS
The large, Russian brithopodid Titanophoneus
is known from a well-preserved skeleton
with a remarkably complete skull. Like
other predatory dinocephalians,
Titanophoneus had a large, elongate
skull whose interlocking teeth were
used to grab, kill, and dismember
large animal prey. Brithopodids had
short, powerful limbs and long
tails. They bore a superficial
resemblance to earlier predatory
synapsids, such as the
sphenacodontids,
whose members
included Dimetrodon.

The canine teeth were
especially large, and gave
Titanophoneus a saber-
toothed appearance.

The top of the
head was up to
4in (10 cm)
thick.

Upper arms
were very
powerfully
muscled.

The hind limbs were erect
like a mammal’s, unlike
the forelimbs, which

sprawled outwards. Moschops

skeleton
Estemmenosuchus

299-251 ‘ Triassic 251-199.6 Jurassic 199.6-145.5 Cretaceous 145.5-65.5 Paleogene 65.5-23

MESOZOIC 251-65.5 Mmya
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ESTEMMENOSUCHUS

Scientific name: Estemmenosuchus

Size: 10 ft (3 m) long

Diet: Horsetails, ferns, and perhaps small animals
Habitat: Subtropical lakeside forest

Where found: Russia

Time: Mid Permian

Related genera: Jonkeria, Titanosuchus

HEAD BANGERS
Thickened skull bones were a feature of
dinocephalians. In tapinocephalids, such
as Moschops, the bones on the top of the
head were enlarged, and the skull
was reinforced from below. This
suggests that tapinocephalids
head-butted each other, as other
creatures with thickened skull
bones do. The neck vertebrae
did not meet the skull
at the back of the head
—as they do
in most other
animals — but
joined the skull
at its underside.
This meant that
tapinocephalids
probably walked
with their noses
pointing towards
the ground.

A rounded arm
socket permitted
a wider range of
forelimb motion
than that seen in
more primitive
synapsids.

Neogene 23—present

CENOZOIC 65.5 MyA—present
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MAMMALS AND THEIR ANCESTORS

Two DOG TEETH

DicyNoDpoNTs (“Two DOG TEETH”) were short-
tailed synapsids with beaked jaws who lived
from the Early Permian to the Late Triassic.

Its skull openings
housed large jaw
muscles that
controlled lower
Jjaw movement.

The unusual dicynodont jaw, combined with
their stout, barrel-shaped bodies, suggests that
they were herbivorous, and ate fibrous plants,
such as horsetails and ferns. However, some
dicynodonts may have been omnivorous or
carnivorous. Dicynodont limbs were robust,
which made these creatures slow-moving,

but powerful. Dicynodont forelimbs sprawled
sideways, but their hind limbs were erect,

like those of mammals. While most Permian
dicynodonts were less than 3 ft 3 in (1 m) long,
the last Triassic forms reached 10 ft (3 m) in
length and perhaps 0.9 ton (1 tonne) in weight.
A superficial resemblance to hippopotamuses
led dicynodonts to be regarded as amphibious.
Perhaps some of them did live this way, but they
mostly seem to have been residents of semi-arid,

terrestrial environments.
A broad, blunt snout
allowed it to grab
large mouthfuls
of plant material.

SINOKANNEMEYERIA
Sinokannemeyeria was a large,
long-snouted, Chinese
dicynodont with
downward-pointing
tusks that grew from
bulbous projections
on its upper jaw. The
muscle attachment
sites on the back of
the skull were quite
small, which suggests
that Sinokannemeyeria did
not have the powerful skull
muscles needed for shearing plants,
unlike other dicynodonts. Most
dicynodonts chopped up food by
sliding their lower jaws backward
and forward. Sinokannemeyeria

fed by tearing plant material

with the front of the snout. The
kannemeyeriines descended from
ancestors similar to Lystrosaurus, and
were the only Triassic